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Executive Summary 

Uranium mining and processing commenced during ihe I950's at three sites to the southwest of 
Bancroft, Ontario: the Faraday Mine (currently known as the Madawaska Mine) at Bow Lake; the 
Canadian Dyno Mine at Farrcl Lake; and the Bicroft Mine at Deer Creek, to the south of Centre 
Lake. By the mid 1960's all three mines had closed although the Faraday mine reopened as the 
Madawaska mine in 1976, and operated until 1982. All three mines have been inactive since they 
shut down. The primary ore minerals in the area were uranothorite and uraninite (Lang et al, 1976). 
As a result of the geochemistry and geomorphoiogy of the area, the tailmgs generated would be 
expected to have low acid generating potential and the lakes would have a relatively low acid 
buffering capacity. 

During operation, monitoring of discharge water was carried out at all three mine sites on a regular 
basis. Monitoring at the sites in the past has indicated elevated levels of contaminants in the surface 
waters, particularly radium-226 (Ra-226) and uranium at some monitoring sites in Bow Lake in the 
1960'sas well as downstream of the Bicroft Mine as far as Inlet Bay. No data were reported for 
Farrel Lake. Data were also collected on a regular basis from the 1960's until 1990 by the Ontario 
Water Resources Commission and then the MOE through the Provincial Water Quality Monitoring 
Network. After 1990, samples were collected at only a limited number of stations. These data 
indicate that at all three mine sites, levels of Ra-226, uranium- 238, and gross alpha and beta emitters 
in the surface waters were elevated above background levels (data from the mid 1980's indicates 
levels in background lakes were typically at or below detection limits), and that levels occasionally 
exceeded the Provincial Water Quality Objectives (PWQOs). While most of these exceedances 
occurred prior to 1990, there is still concern that elevated levels in the sediments may persist 
adjacent to and downsU"eam of the mine sites. 

Although future activities at the mine sites have not been determined, one of the proposed uses put 
forward by the current owners of the Madawaska and Dyno properties has been to return the sites 
to Crown ownership. Prior to agreeing to receiving the properties, the Crown needed to determine 
whether there are environmental liabilities associated with these sites for which the Crown may 
become responsible. As part of the assessment of potential environmental impacts from these sites, 
a number of issues related to possible contamination need to be addressed. These include; 
identification of the contaminants of concern; the potential of the sites to be ongoing sources; the 
extent and severity of any historical contamination; possible biological effects; and, the long-term 
imphcations. The investigation was undertaken as a phased approach, with components of the study 
not being included until available data indicated that these study components were necessary and 
would provide useful information (e.g. the collection offish samples). 

Madawaska Mine 

Surface water concentrations were elevated above background for both uranium and Ra-226. and 
uranium exceeded the PWQO at Bow Lake, Bentlcy Lake and Bentley Creek. Over the last 10 years 
there has been little or no reduction in metal concentrations discharged to Bow Lake. The data 
suggests that losses from the site via run-off and leaching, and the remobilisation of metals from the 
sediment are still ongoing processes. 



Levels of uranium and Ra-226 were observed in the surficial sediments at levels 1 7-times and 405- 
times (respectively) above background. There are currently no sediment criteria for uranium and Ra- 
226 in Ontario, however values have been developed for Saskatchewan lakes. These values were 
adopted for this study. The Saskatchewan uranium Severe Effect Level (SEL) value (390 fjg/g) was 
not exceeded in any of the surficial sediments, though sediments in Bow Lake did exceed this value 
at depth. Sediment Ra-226 SEL (0.6 Bq/g) were also exceeded at only one location in Bow Lake. 
Manganese and iron were also elevated in sediments, and exceeded the Provincial Sediment Quality 
Guideline (PSQG) SEL in Bow and Bentley Lakes (downstream of the mine) for manganese and in 
Bow Lake for iron. However, both of these metals have low toxicity to organisms. Historical data 
suggest a continual input of uranium and other metals between the upstream and downstream 
portions of Bentley Creek, and suggest that the mine tailings may be a source of uranium to the 
Creek. 

Despite elevated levels of metals there seemed to be little effect on the benthic community at any 
of the downstream sites that could not be associated with possible oxygen stress. The results from 
the sediment bioassays indicate UtUe toxicity directly associated with the sediments. The bioassay 
tests also showed that there was uptake of uranium from the sediments by fathead minnows, which 
could have implications for larger predators and ultimately, human consumers of fish. 

Canadian Dyno Mine 

Levels of uranium and Ra-226 were much lower in adjacent receiving waters than at the Madawaska 
Mine site, but were still above background. Surface water concentrations indicated that the 
compounds of concern downstream of the mine site were iron (which exceeds the PWQO at many 
of the sample locations), uranium (which at some locations exceeds the interim PWQO of 5 ug/L), 
and to a lesser extent manganese and strontium (which exceed backgraound at some locations). In 
comparison to Bow Lake, Farrel Lake showed a similar pattern of metal mobility flux, but with iron 
as the primary metal rather than manganese. 

Field observations indicated that historically, tailings have been deposited in Farrel Lake. Elevated 
levels of metals (iron, exceeding SEL levels) and radionuclides (Ra-226 exceeding the SEL level 
for Saskatchewan lakes) were observed in the surface sediments. The elevated levels of uranium (and 
also lead, which both exceed the SEL immediately downstream of the tailings area) in the sediments 
from the beaver pond, adjacent to Farrel Lake, suggested that some of the metals have been 
transported out of Farrel Lake. The relatively high surface concentrations of uranium in the pond 
sediments suggest input from external sources, such as Farrel Lake, is an ongoing process. 

Despite the presence of tailings at the north end of Farrel Lake and the elevated levels of metals in 
the sediments, there was no apparent effect on the benthic community; the primary impact on the 
community was felt to be due to low oxygen concentrations. Sediments at one location below the 
Dyno Mine site (DM-3) showed a significant increase in mortality. However, it was felt that the 
toxic results were not due to uranium levels in the sediment and were considered a result of high 
organic material at this location. 

Bicroft Mine 

Concentrations of some metals (e.g. iron, manganese, cobalt and uranium) were elevated above 

background at locations below the Bicroft Mine site (particularly in a small tributary that drains the 



site, as well as Deer Creek), however, concentrations in the first receiving body of water (Inlet Bay 
of Paudash Lake) were generally low. Uranium levels below the site were above background and 
occasionally exceeded the interim PWQO of 5ug/L. The sampling program also identified the site 
as a source of Ra-226 to the system, although concentrations did not exceed the PWQO of IBq/L. 
Overall the concentrations of metals in the receiving waters were lower than the other sites. 

Background concentrations in the sediments of most metals were lower in Centre Lake than either 
of the other two background locations (Bentley and Brough Lakes). Sediment uranium levels were 
slightly elevated from background, and Ra-226 and manganese exceeded the SELs at an area 
adjacent to the tailings dam. The presence of higher concentrations in the sediments suggests that 
there has been some movement from the tailings areas to Centre Lake. While sediments below the 
Pond A discharge (BM-4) were elevated in uranium, Ra-226 and manganese, the most signit"icant 
increases in uranium concentrations were observed at the mouth of Deer Creek at Inlet Bay and in 
Inlet Bay itself. Concentrations of uranium and Ra-226 in the surficial sediments of the lower portion 
of Paudash Lake are higher than background, and are also higher that subsurface sediments, and 
suggest a relatively recent dispersal of uranium and Ra-226. 

The lack of biological effects below the site that could be due to toxicity of metals is related to the 
availability of metals from sediment. The lack of a pronounced toxic effect suggests that the 
availability of metals from the tailings is relatively low. Discharge from the site appears to have only 
a minor effect on the downstream benthic community. The elevated levels of some metals in the 
sediments of Inlet Bay may also be having an effect on the benthic community, however, the 
community was dominated by a high abundance of species tolerant to low oxygen conditions 
suggesting that the primary factor effecting the benthos is periods of low oxygen in the bottom 
waters. Results from the sediment bioassay tests showed an increase in mortality only in the mayfly 
test from the sediments from Deer Creek. The tests also found that uptake of uranium from 
sediments at the mouth of Deer Creek by fathead minnows occurred at a higher rate than any other 
sediment tested, and may have implications for larger predators. 



Based on the findings from this study, recommendations have been made to: 

i) Identify and control discharges to the surface water (including tailings area, mine seepage, 

etc) of metal such as iron, manganese, uranium and Ra-226 from the Madawaska Mine and 

Canadian Dyno Mine sites, 
ii) Continue routine monitoring of tailings effluent discharge at all of the mine sites. 
iii) Undertake fish sampling from the receiving lakes of all three mines, and analysis for 

radionuclides to ensure there are no human health concerns regarding the consumption of 

these fish, 
iv) Continue monitoring of the water column downstream of all three mine sites, 
v) Sediment remediation does not appear to be necessary at any of the mine sites, however this 

recommendation may need to be re-evaluated should the sport fish tissue residues indicate 

elevated levels. The sediment should also be re-assessed in 5 to 10 years, to determine if 

improvements have occurred as a result of source control efforts. 
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1.0 Introduction 

Inihe 1950'siiranium mining and processing commenced at three sites southwest of Bancroft (Figure 1): the Faraday 
Mine (currenlly known as the Madawaska Mine) at Bow Lake; the Bicrofi Mine ai Deer Creek, south of Centre Lake; 
and the Canadian Dyno Mine at Farrel Lake. By the mid I960's,all three sites had closed, though the Faraday Mine was 
reopened m 1976 as ihe Madawaska Mine. The Madawaska Mine operated until 1982, when it was again closed. The 
three sites have been inactive since they were shut down. Lang el al (1976) note that the primary ore minerals in the area 
were uranothorite and uraninite (UO2). They go on to note that the Faraday Mine was located in a zone of pegmatitic 
granite dykes containing uranothorite and uraninite with minor uranophane and thai the ore averaged 0. 1 per cent 11,0^. 
Lang et a/ (1976) note that the area is typically granites and gneisses. As such, the tailings generated would be expected 
to have low acid generating potential, though it should be noted that the local geology also indicates these lakes would 
have relatively low acid buffering capacity. 

Monitoring at the sites in the past has indicated that there are concerns regarding the levels of radioactive elements in 
surface waters, and their potential for ecological health effects. During operation, monitoring of discharge water was 
carried out at all three sites on a regular basis, and a summary of the monitoring data are presented in Report on 
Radiological Water Pollution in the Elliot Lake and Bancroft Areas. (Deputy Ministers' Committee, 1 965). The report 
notes lliat elevated levels of radium 226 (^^Ra) were found at some monitoring sites in Bow Lake in the 1 960's. The same 
study noted elevated levels of radium-226 downstream of the Bicroft Mine as far as Inlet Bay of Paudash Lake. No data 
were reported in this study for Farrel Lake. 

Beginning in the late 1 960's the Ontario Water Resources Commission undertook periodic sampling of the surface water 
at these sites for radium-226 and gross alpha and gross beta emitters. In the 1970's, the Provincial Water Quality 
Monitoring Network was established, and data collection continued at a number of sites upsU"eam and downstream of 
each of these mine sites. Provincial water quality monitoring stations were located downstream of the discharge points 
at each ofthemincsites. Water quality was monitored at these sites for a large number of parameters from 1964 to 1999. 
Sampling continued on a regular basis until 1 990, after which a number of the monltormg sites were dropped from the 
program. As a result, samples were collected at only a limited number of stations. 

In addition, during tlie mine operating span, surface water quality monitoring was undertaken on a periodic basis by the 
property owners. Sampling was undertaken at the Madawaska Mines site in accordance with AECB requirements, and 
included water sampling and on one occasion, sampling offish tissues (Beak 1 988). The latter study concluded that there 
was no threat to human health from consumption of sport fish. 

A review of the available data from the Provincial Water Quality Monitoring Network (PWQMN) (Table 1 ) indicates 
that at all three mine sites, levels of Ra-226, U-238 and gross alpha and beta emitters in siu^face water were elevated 
above background levels (data from the mid 1980s indicates levels in background lakes were typically at or below 
detection limits), and that levels frequently exceeded Provincial Water Quality Objectives (PWCK)s). 

While the PWQMN data indicate that most of the PWQO exceedances for the compounds of concern occurred prior to 
1990, ihore is concern that elevated levels in sediments may persist adjacent to and downsu^eam of the sites. 

A smdy by Beak Consultants for the AECB (Beak 1998) using spiked sediment bioassays found that concentrations in 
sediment in excess of 40 ^ig/g dry weight of uranium resulted in 50% mortality in juvenile amphipods {Hyalella aneca). 
while concentrations in excess of 284 (jg/g resulted in similar mortality among adult amphipods. 

Other studies conducted by the AECB (Kurias et al, 2000) in northern Saskatchewan derived site-specific screening level 
concentrations that would be expected to adversely affect 95% of benthic invertebrate species, which they termed 
"SELs", for uranium (390 pg/g) and Ra-226 (0.6 Bq/g). 'No effect levels' were not derived in this study. 



1.1 Madawaska Mine 

Tht Madawaska MiDC is located beside Benaey Creek between BenUey Lake and Bow Lake (Figures 2 and 3), and began 
operation as a uranium processing facility in 1 957 as the Faraday Uranium Mine Ltd. The original Faraday Mine closed 
in 1964 but the mine was re-aclivated in 1967. In 1976 the mill was put back into operation under the current name and 
was operated until 1 982, when it was again closed. In 1983, the AECB issued Decommissioning Approval AECB-DA- 
1 39-0 for decommissioning of the site (Beak 1 988). As of 2000, all buildings on the site have been removed, though the 
foundations still exist in some cases. 
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Lang et al 1976, note that ore from the 
Greyhawk Mine, located soutii of the 
Madawaska (Faraday) Mine, was shipped 
u) the Faraday plant from 1957 to 1959. 

As early as 1957, there were reported 
complaints from residents regarding 
water quality at theeast end of Bow Lake 
(Deputy Ministers Committee, 1965). By 
1 960, problems with increased 
radioactivity in water of Bow Lake 
became apparent. Analysis of Bow Lake 
water showed elevated gross alpha 
counts that were 10 times maximum 
permissible limits. Additional sampling 
in 1962 indicated there were still 
problems of radioactive materials leaking 
into Bow Lake (Deputy Minister's 
Committee, 1965). 



In addition to PWQMN sampling from 1966 to 1996, limited sediment and biological sampling was undertaken at 
MadawaskaMines site (Bow Lake). In 1 988, Beak Consultants undertook a study in Bow Lake to determine Uie potential 
human health effects of consuming sport fish due to the presence of radionuclides in fish tissue. 

In tiie latel980's Uie MOE's Eastern Region also undertook studies on Bentley Lake. Sampling determined that Uie lake 
was meromictic, and the mine runoff/drainage was identified as a Ukely cause (D. Galloway, Pers. Comm. 2000). 



1,2 Bicroft Mine 

The Bicroft Uranium Mines Ltd. site is located along Deer Creek, below Centi-e Lake (Figures 4 and 6). Mining 
commenced at this site in 1956 and Uie mine closed in 1963. Tailings from tiie operation were discharged mainly to 
Auger Lake, which is separated from die lower basin of Centie Lake by a tailings dam adjacent to Hwy 121. Auger Lake 
was originally a weUand area tiiat was dammed at the north and south ends to create a tailings disposal pond. A 
reproduction of a rough map of die area from 1965 (Deputy Minister's Committee, 1965) is included as Figure 7. The 
map shows a small creek from the north end of the taUings area to Centie Lake, while currentiy tiie edge of tiie tailings 
disposal area abuts Hwy 121. Therefore, the tailings disposal area was smaller than exists currentiy (likely through rising 
water levels). 

Auger Lake drains tiirough a weir and spillway to a small creek which flows soutii to a beaver pond known as "pond A". 
In addition to trapping any tailings from Auger Lake, this beaver pond also receives drainage from a second tailings 
disposal area to tiie soutii of tiie pond. Below tiie beaver pond, tiie creek flows approx. 500 m southeast and tiien joins 



Deer Creek approx. 0.5 km upstream of Paudash Lake (Inlet Bay at the northeast end of the lake). A study undertaken 
in 1965 (Deputy Minister's Committee), notes that a tailings breakout occurred to Inlet Bay of Paudash Lake in 1957. 

In 1 986 and 1 987, MOE undertook a study at the Bicroft Mine site. As part of this in vestigaUon by MOE Central Region, 
water samples, sediment samples and fish tissues were analyzed for radionuclides. 

Sediment samples collected from Deer 
Creek, below the mine site showed 
levels of uranium up to 690 pg/g as 
compared to 9 Mg/g from Baptiste Lake 
(used as a background in that siudy).The 
levels in Deer Creek would also be 
above the levels, in studies conducted for 
the AECB, that would be expected to 
have adverse effects on sediment- 
dwelling organisms. Levels in Inlet Bay 
(Paudash Lake) ranged up to 120 Mg/g. 
while sediments in North Bay of 
Paudash Lake were 67 (ig/g. The data 
suggest that sediment contamination by 
elemental uranium extends for a 
considerable distance from the mine site. 
It IS anticipated that similar dispersion of 
sediment-bound metals and 
radionuclides has occurred at ihe other 
mine sites as well. 

In addition to uranium, sediment concentrations of radium-226 were also measured. Levels in Inlet Bay (Paudash Lake) 
yielded the highest levels at 27 Bq/g. as compared to 0.04 Bq/g in Baptiste Lake. As such, levels in Inlet Bay sediments 
were 675 times the levels in background lake sediments. Sediment studies conducted by the AECB in northern 
Saskatchewan (Kurias et al 2000) derived a site-specific **SEL" for radium-226 of 0.6 Bq/g. 

In the studies conducted by the MOE in 1986 and 1 987. fish collected from Inlet Bay also had elevated levels of radium- 
226 as compared to levels in fish from Baptiste Lake. Yellow perch from Inlet Bay had radium-226 levels of 12 mBq/g 
of fiesh, compared to 0.25 mBq/g of flesh in fish from Baptiste Lake. Data for small mouth bass were similar, with 17 
mBq/g of fiesh for fish from Inlet Bay and less than detecUon limit (0.1 9 mBq/g) in fish from Baptiste Lake. Only while 
suckers had detectable Ussue residues of uranium (0. 1 5 pg/g flesh) Oevels in Baptiste Lake were below thedeiecUon limit 
of0.05ng/g). 




13 Canadian Dyno Mine 

The Canadian Dyno Mines Ltd. mine site began operation in 1957. and closed only three years later, in 1 960. The mine 
site (including tailings area) is located at the north end of Parrel Lake (Figures 4 and 5). Parrel Lake in turn drains to the 
northeast end of Eels Lake via Parrel Creek. Tailings were discharged to a dammed section of a small creek at the north 
end of Parrel Lake. Currently, the tailings area is held behind this tailings dam. A map included in the 1965 report by the 
Deputy Minister's Committee shows Parrel Lake extending further north than more recent maps. It appears that the 
tailings dam was constructed across the northern arm of the lake, with tailings disposed of behind this dam (Pigure 8). 
Currently, the north shore of Parrel Lake, adjacent to the tailings dam. is a weUand area. Visible staining of soils and 
sediments is evident m this area. In addition, the lake bottom adjacent to the wetland is covered with tailings. 

The eastern end of the tailings dam has been excavated as part of an engineered spill way, to ensure dam integrity, and 
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permits unimpeded flow of the creek into 
Fare] Late. As such, there ciurently 
seems to be no sedimeni/o-osion control 
on this creek to control movement of 
mine tailings. 

PWQMN data from 1966 to 1989 show 
levels of arsenic and iron, in addition to 
radionuclides, that are elevated above 
background, and suggest that sediments 
adjacent to. and downstream of the mine 
and tailings areas could also be 
contaminated. It is anUcipated that 
sediment concentrations of radium-226 
wouldbe similar to levels recorded in the 
MOE 1986 survey of the Bicrofl Mine 
site. 



1.4 Purpose of Study 

Issues exist regarding possible water and sediment contaminaUon at the three mining sites. The limited amount of 
sampling conducted in the past suggests there may be on-going concerns in some areas, (for example, sediment 
contamination), that have not been invesUgated in the past. Future activities at the mine sites have not been determined, 
but as part of evaluating the potential uses for these sites, the impacts of past uses need to be determined. 

One of the proposed uses, put forward by the current owners of the three properties has been to return the sites to Crown 
ownership. Prior to agreeing to receiving the properties, the Crown needs to determine whether there are environmental 
liabUities associated with these sites for which theCrown may becomeresponsible. Even if theproperties are not returned 
to Crown ownership, the current environmental conditions at the sites, aside from water quality, are largely unknown 
and should be determined before any future uses are considered. 

As part of the assessment of potential environmental impacts from these sites, a number of questions related to possible 
contamination needed to be addressed. 

1. What are the contaminants of concern? Previous studies have identified a number of radioactive elements that 

are of potential concern. Are there additional elements that may have been released during die processing of 
the ore that could also be of concan? 



2. 



Are the sites, or any part of the sites, continuing to act as a source of any contaminants to die adjacent aquatic 
environment? 



3. What is the extent and severity of any historical contamination from these sites on both water column and 

sediments? Is tiiere a possibility that sediments are contaminated and could continue to act as a sourx;e in die 
future? 



4. 



Are there any biological effects associated with elevated levels, if any, of contaminants in the water column or 
sediments? How severe are tiiese effects? What is (are) tiie source(s)? 



5. Are tiiere any long-term implications from contaminants at any of tiiese sites? This could include a range of 



possible actions that may be required on the part of any potential new owner (i.e.. the Gown). These actions 
may range from periodic environmental monitoring to full-scale sediment remediation. 

6. Recommended actions that should be undertaken before the Crown accepts title and hence responsibility for 

these sites. 



2.0 Methods 

The site investigation was undertaken as a phased approach. The intent was not to include components until available 
data indicated that these study components were necessary and would provide useful information. 

All three sites were considered as one project and the investigation of all three sites was conducted concurrently. The 
Madawaska Mine site at Benlley Lake/Bow Lake, and the Bicroft Mine at Cenure Lake, both ultimately drain to the 
Crowe River system, and thus wananted investigation together. The Dyno Mine site at Parrel Lake drains south to Eels 
Lake and through Eels Creek to Stoney Lake. 

Since relatively little data existed on all three mine sites, the initial step in the investigation of each site was comprised 
of sediment and water quahty data collection. Sampling locations were based on expected dispersion and transport of 
contaminants and endeavoured lo include all potentially impacted areas downstream. Sediment and water samples were 
collected concurrently, beginning in May 2000. Subsequent collection of water samples, and a limited number of 
sediment bioassay samples was undertaken in August. Additional water sampling was undertaken again in November. 
The sampling locations are shown on Figures 2 through 6. The intent of this component was to quantify current 
contaminant levels in water and sediment immediately adjacent to, as well as downstream of each site and. in the case 
of water samples, to document any seasonal changes in contaminant disiribuuon. For each of the three mine sites, local 
backgrouBd lake and stream sites were selected for sampling. These were selected so as to be within the same watershed, 
and thus within the same geological area, but upstream of the influence of any of the mine activities. 

Water samples were collected at the surface from all sites. Samples were collected into 500mL plastic containers for 
analysis of nuU"ients, salts, and metals, including uranium. In addition, at each site, an additional 2L were collected for 
analysis of radionuclides by the AECB laboratory in Ottawa. At certain locations conductivityprofiles were taken down 
through the water column. Readings were collected every 0.5 meters from the surface lo the bottom with a conductivity 
meter. At those locations where a significant increase in conductivity was noted at the bottom, additional water samples 
were collected for both metals/nutrienls/salus and radionuclides at approx. 1 m off the bottom. Bottom water samples 
were collected with a Van Dorn water sampler. Samples were collected directly into the appropriate sample containers. 
Samples for metals and radionculide analysis wctc preserved in the field with nitric acid. 

Sediment samples were collected with either a benthos gravity corer (in shallow areas such as streams) with a plexiglass 
lube of 4" diam., or a K-B Corer with a plexiglass tube of 2" diam. At each location, three replicates (benthos gravity 
corer) or five replicates (K-B corer) were collected. The core was divided into three sections: 0-lOcm; 10-20 cm. and; 
20-30 cm. The corresponding sections from each of the replicates were combined, the sample was homogenized, and a 
subsample of the homogenate collected into 500mL plastic sample bottles. Two sample bottles were collected for each 
sediment sample: one sample was for submission to the MOE laboratory Toronto, Ontario for nutrient and metals 
(including uranium) analysis (using Aqua Regia extraction), while the second sample was submitted lo the Ministry of 
Labour (MOD Radiation Protection Laboratory, Toronto, Ontario for analysis of a suite of radionuclides, including 
radium-226 and uranium-238. 

Water and sediment samples were analyzed for a suite of metals, including arsenic, copper, iron, manganese, strontium 
and uranium. Radionuclide analysis was also conducted for uranium, while strontium was only analyzed as total 



elemental strontium. 

Concurrent with sediment and water sample collection, benthic community samples were also collected at each of the 
sampling sites. Samples were collected with a stainless steel Ekman sampler of 1 2" xl 2". Three replicates were collected 
at each location. Each replicate was washed in the field using a standard U.S.#30 mesh sieve to remove fme particles, 
and the sample residues wctc preserved separately in 10% formalin neutralized with sodium borate. Samples wwe 
submitted to Zaranko Envu-onmental Assessment Services (ZEAS) for sorting and detailed analysis. All three replicates 
were sorted, and the organisms removed were identified to order and enumerated. The replicate thai came closest to the 
mean was subsequently chosen for detailed analysis of the organisms present. Since sampling locations were chosen on 
the basis of anticipated dispersion of contaminants, the sample locations included both lakes and river habitats. 
Consequently, it was not possible to ensure similar habitats were sampled at ail locations and resulted in a range of 
habitats, from deep lake basins, to shallow depositional zones along the margins of rivers. 

Based on the results of the initial sediment sampling, 10 locations wCTe chosen for laboratory sediment bioassay testing. 
Samples were collected during August 2000, at the same time as the second set of wata- san^jles was collected. Samples 
were collected with a stainless steel Ekman sampler. Details of the test protocol are provided in the next section. 

2,1 Laboratory Sediment Bioassay Tests 

This r^ort provides the results and interpretation of whole-sediment toxicity tests conducted by OMOE, Standards 
Development Branch (SDB) following documented sediment toxicity test methods (Bedard et al, 1992). The 
standardized laboratory tests were completed for ten samples using the mayfly nymph, Hexagenia limbaia (22 -day 
exposure, survival, growth and avoidance), the n:iidge larvae. C/ziTOnomu5len/an5(10-day exposure, survival and growth) 
and the juvenile fathead minnow, Pimephalespromelas (21-day exposure, survival and chemical bioaccumulation). The 
battery of sediment toxicity tests provides several endpoints using organisms representing different trophic levels in order 
to measure differences in sediment quality. The laboratory toxicity tests are a cost-effective technique for determining 
whether sediment-associated contaminants are harmful to benthic organisms or are being released into the water column. 
In conjunction with appropriate negative and reference sediments, spatial diff^ences in sediment quality, the relative 
availability of contaminants and their potential impacts can be ascertained. Sediment contaminant concentrations were 
based on samples prepared for laboratory toxicity testing. The sediment was analyzal for particle size, nutrients, metals, 
and a suite of organic compounds, including PCBs. Surviving fathead minnows were submitted for whole-body tissue 
analysis of uranium. 

Sediments for laboratory bioassay testing were collected in August at nine experimental locations and one reference 
location (locations of sampling sites are shown on Figures 2 through 6). Selection of sample sites was based on knov/n 
or expected sediment contamination within the study area. Samples werecollected using an Ekman grab sampler. Al each 
station, approximately 1 L of composited surficial sediment (top 1 cm) was collected from several grabs. (Exact depth 
may have varied depending on sediment type and ease of collection). The composited sediment was placed into 20 L 
plastic pails lined with food-grade polyethylene bags and transported to the MOE Toronto. Ontario laboratory and stored 
at 4'*C until required. 

The reference control sediment was situated at an upstream location to reflect background contaminant levels within the 
region. As such, the reference sediment helps to measure what influence sediment type and naturally occurring 
contaminant levels can have on the biological test endpoints. Sediment collected from Honey Harbour. Georgian Bay, 
Ontario served as the negative control sediment. The negative control sediment is a relatively uncontaminated sediment 
that provides a measure of test acceptability. Both the negative and reference control sediments also provide a basis for 
comparing the biological responses from the test sediments (ASTM, 1997a). 

Chemical analysis of sediment and biota samples was conducted by the OMOE, Laboratory Services Branch, located 
in Toronto. Test methods are described in the OMOE Handbook of Analytical Methods for Environmental Samples 
(OMOE. 1993). Quality assurance procedures included method blanks, spikes, duplicates and standard reference 
materials. Samples were analyzed for total phosphorus, total Kjeldahl nitrogen, total organic carbon and percent loss on 



ignition. Metals analysis included As, Cd, Cr. Cu, Fe, Pb, Mn, Ni, Zn, and U. 

2.1.1 Laboratory Biological Testing Methods 
Basic Experimental Design 

Sediment biological tests were conducted according to OMOE standardized procedures (Bedard et a/.. 1992) and are 
briefly described below. The bioassays were static, single-species tests using whole-sediment. The experimental unit was 
a 1 .8 L lest chamber containing prepared sediment and dechlorinated municipal tap water ( 1 :4, v:v). The chambers were 
randomly placed into a holding tank at ambient room temperature and maintained under a 16:8 hour, hghtidarlc 
photoperiod and continuous aeration. 

Moist field-collected bottom sediment was passed through a 2-mm stainless-steel sieve to remove existing large biota 
and debris prior to use. Subsamples of this homogenized sediment were submitted for chemical and physical 
characterization according to standard OMOE procedures (OMOE, 1993). The sieved sediment was homogenized with 
a spatula and stored in 4 L acid-rinsed glass jars until required. Three hundred and twenty-five millilitre aliquots of 
homogenized sediment were placed into the test chamber and overlaid with the test water. After settling overnight, the 
chambers were aerated continuously until the end of the test. A clean, negative control sediment was collected fi"om 
Honey Harbour. Georgian Bay. Negative control mortality must not exceed 15% for mayflies and fathead minnows and 
25% for chironomids or the test is declared invalid. 

Water in the exposure chambers was regularly monitored for pH, conductivity, total ammonia, un-ionized ammonia and 
dissolved oxygen. Dead organisms were removed and the numbers recorded daily in the mayfly and minnow tests. Any 
signs of abnormal behaviour of the test organisms or changes in appearance of the test chambers were noted. Water loss 
due to evaporation was replenished as needed. 

Hexagenia limbata Lethality and Growth As.say 

The toxicity test used sixmonth old laboratory-reared mayfly nymphs with an average wet weight of 6.82 mg ±0.37 (s.e.) 
(n=38). The nymphs were raised from eggs collected by Dr. J. Ciborowski at the University of Windsor. Windsor, 
Ontario. Mayflies were reared according to OMOE procedures (Bedard et al„ 1992) and methods described in the 
literature (Friesen, 1981). 

The rearing procedure involved the transfer of 600 newly-hatched nymphs to a 6.5 L aquarium which contained 2 cm 
of autoclaved sediment and 5.6 L dechlorinated tap water. Animals were maintained at ambient room temperature, 16:8 
hour, light: dark photoperiod. continuous aeration and fed a vegetable diet. 

Test organisms were retrieved from the rearing aquaria by sieving small portions of sediment in a 500-^m mesh brass 
sieve. The nymphs were washed into an enamel tray which held a fine mesh sieve and aerated, dechlorinated water. A 
Pasteur pipette (5-mm opening) was used to transfer the mayflies into 1(X) mL beakers of water and the contents were 
gently poured into the test chambers. Each test involved adding ten nymphs to each of the three replicate test chambers 
for a period of 22 days. The test duration slightly deviated from the standard 2 1 -day test period but is not expected to 
contribute significanUy to the final test outcome. Animals were not fed during the length of the test. 

At the end of the test, the contents of each test chamber were emptied and rinsed in a sieve bucket. Surviving animals 
were counted and transferred to 1 50 mL beakers holding 1 00 mL dechlorinated water. The nymphs were immobilized 
with Alka -Seltzer®, blotted dry and individuals weighed to the nearest O.OI mg. 

Chironomus tentans Lethality and Growth As.say 

Each toxicity test used 10-12 day old, cultured chironomid larvae weighing an average wet weight of less than 1 mg. 
The OMOE maintains continuous cultures of C. tentans larvae from egg to adult, following standard methods (Bedard 



et ai, 1992, Mosher et al., 1982, Townsend et al„ 1981). Egg masses were originally supplied by Dr. J. Giesy at 
Michigan State University, Lansing, Michigan and have been cultured for several generations in our laboratory. 

Initially, the midges were reared in enamel trays for 10 to 12 days and then maintained in a 21 L aquarium containing 
1.6 L of silica sand. The cultures were held at ambientroom temperature with continuous aeration and under a 16:8 hour, 
light:dark photoperiod. The larvae were provided a vegetable diet ad libitum. 

Second and third instar larvae were directly transferred from the enamel rearing trays into the test chamber using the 5- 
mm opening of a Pasteur pipetle. A total of 1 5 animals were added per chamber to each of the three replicates. Animals 
were fed daily 30 mg of a Cerophyll®:Teu-a Spirulina® (3:2, w:w) diet. 

After 10 days, the contents of the lest chambers were emptied and washed in a sieve bucket. Surviving animals were 
sorted, removed and placed into 1 50 mL beakers holding 100 mLdechlorinaled water and 1 5 mL silica sand. The larvae 
wa:e counted, blotted dry and individuals weighed to the nearest 0.01 mg. 

Pimephaies promelas Lethality and Bioaccumulation Assay 

The tests used cultured, juvenile fathead minnows with an average wet weight of 276 mg ± 1 5 (s.e.) (n=30). The minnows 
were cultured at the OMOE laboratory following techniques which for the most part are US EPA procedures (USEPA, 
1987) with minor revisions (Bedard et al., 1992). 

Cultures were maintained at 20°C in a flow-through dechlorinated water system and under a 16:8 hour. light:dark 
photoperiod. Breeda"s were kept in 60 L glass aquaria and eggs were laid on spawning tiles. The tiles were incubated 
in a 25^ water-bath and the developing larvae were transferred to 400 L fibreglass holding tanks. Larval fish were fed 
48-hour old live brine shrimp while juveniles and breeders were provided frozen brine shrimp. Each size class was fed 
ad libitum. 

Each test chamber received ten juvenile minnows for each of the three replicates. The minnows were soried into 250 mL 
glass beakers in groups of five. The contents of the beakers were en:q)tied into a small net and the minnows released into 
the test chamber. 

The minnows were exposed for 2 1 days and fed a NutraFin Staple® diet daily in an amount equivalent to 1 % of the 
average starfing w^ weight. After 21 days the surviving fathead minnows were pooled from each replicate, counted, 
immobihzed with Alka-Seltzer®, rinsed thoroughly with disUUed water and placed into 30 mL glass vials and frozen 
pending chemical analysis. 

Each bioassay complied with the recommended maximimi storage period for sediment samples designated for toxicity 
testing of six weeks (EC, 1994). 

2.1.2 Statistical Methods 

Statistical analyses were performed using the SAS® software package (SAS, 1 985). Comparisons were made among the 
lest and control sediments using One-Way Analysis of Variance (ANOVA) and Tukey's studeniized range test (HSD) 
and planned comparisons (Steel and Torrie, 1960). Dunnett's one-tailed Mest was used solely lo compare mortality 
between the control and test sediments and the associated minimum significant difference (MSD) was described as a 
measure of test sensitivity. Analysis was made on arc-sine tfansformed mortality data. Homogeneity of variance across 
groups was tested using Bartlett's test and Shapiro-Wilks test for normality. Coefficients of variation were calculated for 
each endpoint as a measure of test precision. Spearman rank correlation analysis was used to investigate the correlation 
among the different biological endpoints for each species and sediment characteristics. Differences in whole-body tissue 
residues for metals among sites was determined using Tukey's smdentized range test on homogeneous data and Kiuskal- 
Wallis rank test on non-homogeneous data. Statistical analysis was carried out on log-transformed tissue data. Correlation 
analysis was used to measure the strength of the relationship between tissue and sediment chemical concentrations. All 
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contaminant tissue residues were converted to a dry weight basis using a dry weight ratio of 0.15. 



3.0 Results 

3.1 Water Quality Analysis 

3.1.1 Field Measurement^ 

Only conductivity measurements were taken at all stations in the field (Table 3). During the summer and fall sampling, 
temperature was also recorded at the sampling sites. At a number of the lake stations, conductivity measurements wae 
taken at 0.5m inl^vals through the depth of the water column. The results are shown on Figures 9 and 10. 

Data gathered from the background lakes (MM-LC, DM-LC. BM-LC) indicates that conductivity remained the same 
throughout the votical extent of the water column, even during the sunmier sampling period when a definite ihermocline 
existed in these lakes. However, in those lakes adjacent to the mine sites, namely Bentiey Lake and Bow Lake 
(Madawaska Mine) and Farrel Lake (Dyno Mine), conductivity of the bottom water was considerably higher ( up to 5- 
limes) than at the surface. This is shown graphically in Figure 1 0. During the fall, afto" turnover of these lakes, only Bow 
Lake (station MM-5) still showed a difference in surface vs. bottom conductivity. The other lake stations sampled showed 
little change between surface conductivity and bottom water conductivity, indicating that complete mixing of the water 
column had occuned during fall turnover. The deep eastern basin of Bow Lake is in part protected by a silt to the west 
(near the island/peninsula), that would also partially restrict water movement in this area. However, the high 
concentrations of some metals (e.g.. manganese, see Section 3.2) have likely contributed to the formation of a distinct 
density gradient that appears to persist year round. 

3.1.2 Nutrients and Metal$ 

Results of chemical analysis of water samples are presented in Table 3. The data show that only a few of the parameters 
tested had elevated levels at stations below the mine sites. At all three mine sites, levels of uranium, iron, manganese, 
aluminum and strontium increased below the sites. In the lake stations, levels of metals were typically much higher near 
the bottom than at the surface. The concentrations of metals found in the surface waters are shown graphically on Figures 
11 through 14. 

Madawaska Mine: 

Concentrations of metals in Siddon Lake (station MM-LC) are considered as representative of this area and thus form 
the local background levels. Water concenu^ations of aluminum, cobalt, iron, manganese, strontium and uranium all 
increased over background in Beniley Lake (Figures 1 1 Uirough 14). While levels of manganese and strontium were 
higher in bottom water at the north end of the lake (station MM-1 ), levels of uranium, iron, cobalt and aluminum were 
higher at station MM-2, located near the south end, adjacent to the grout curtain (Table 3). Manganese levels in bottom 
water at station MM-l in May increased from 44 jjg/L at the surface to 1430 Mg/L at the bottom, a 33-fold increase (and 
1 70 times background levels), while iron increase by a factor of 7 (from 52 ^Jg/L to 381 Mg/L)- Aluminum increased from 
8.7 pg/L to 27.9 Mg/L (a 3-foId increase), sfrontium increased from 727 pg/L to 2040 pg/L, (also a 3-fold increase) and 
uranium increased from 12.7 Mg/L to 41.1 Mg/L (a 3-fold increase). The data suggest that the significant increase in 
conductivity noted near the bottom during the field profiling is most likely attributable to the incTeases in manganese and 
iron, and to a lesso- degree to the presence of aluminum, cobalt, strontium and uranium. In the August sampling, levels 
of uranium in the bottom water were slightly lower (35. 1 \ig/L) Uian in May, though levels at die surface were also lower, 
resulting in a more pronounced difference (5-fold) than during the May sampling. However, both manganese and 
strontium increased in bottom water samples in August, with manganese showing the largest change (ttom 14 Mg/L to 



2100 Mg/L or a 1 50-fold increase), while stroniium increased only from 2040 to 2330 ng/L (a 5-fold increase over surface 
waierconcenirations). Sampling inNovemberrevealed that theconductivity difference between surf ace water and bottom 
water at station MM-1 had disappeared, but the overall conductivity of the surface water was much higher (505 uS/cm 
at station MM-1 and 506 uS/cm at station MM-2) than during the spring (366 to 369 uS/cm ) or summo- (277 to 281 
uS/cm). Results from November also show a reduction in concentrations of most metals in bottom water at station MM-1 , 
such that concenfrations were similar in both surface and bottom water samples. 

At station MM-2, a larger increase in Al was noted than at station MM-1. Similarly, the increase in uranium 
concentrations at the bottom was shghtly larger than at station MM-l (from 7.35 ng/L at the surface to 68.4 pg/L at the 
bottom, or an increase of 9-limes). Manganese concentrations in bottom water showed marked seasonal changes and 
were substantially higher in August (2 130 ng/L) than in May ( 689 ^g/L). Nevertheless, concentrations were very similar 
to concentrations at station MM-1 . Iron concentrations in bottom water however were higher at station MM-2 (38 1 Mg/L) 
in May than at station MM-1(466 jig/L), but the difference was even more marked in August when concentrations at 
MM-1 dropped to 174 ^g/L but levels at MM-2 rose to 833 \xg/L. Strontium levels also increased at stations MM-2 over 
levels at MM-1 . During May bottom water concenirations were very similar at both stations (2040 pg/L at station MM- 1 
vs 1930 |ig/L at MM-2), but levels at station MM-2 rose to 3340 pg/L, while concentrations al MM-1 remained 
approximately the same (2330 Mg/L)- As noted for some of the other metals, such as manganese and iron, surface 
concentrations of sfrontium decreased at both these stations in August, while bottom water concentrations increased, 
resulting in a much greater differential. As a result, the difference between surface and bottom water concenfrations in 
August rose to 7-fold from a previous 3-foId difference. While concentrations of uranium, strontium and manganese at 
station MM-1 were similar in both surface and bottom samples during the November sampUng, the results from MM-2 
showed significantly higher bottom water concentrations than surface concenfrations. Levels of these metals decreased 
from the highs recorded during the August sampling only to concenfrations similar to the samples collected in May. 
Unlike station MM-1 , a conductivity difference persisted into the November sampling period at station MM-2. While 
surface conductivity had increased to 506 uS/cm, likely due to mixing of bottom water during the lake fall turnover, 
conductivity in the bottom water sample was still elevated, at 823 uS/cm than the surface watCT. 

Concenfrations of most parameters at stations MM-3 and MM^, both located in the creek adjacent to the mine tailings 
areas, were similar to the surficial concentrations in Bentley Lake. While uranium concentfaiions at both stations were 
similar in the May and August sampling, concentrations increased at station MM-4 in November (the other metals 
showed a decrease in November from MM-3 down to MM-4). The higher conductivity readings at both these stations 
over levels recorded in May or August are likely due to the higher levels recorded upstream in Bentley Lake. There was 
little increase in conductivity from station MM-3, at the upsueam end of the tailings area to MM-4, located near the 
downsfream end. 

The increase in concentrations of uranium, iron, manganese and strontium in bottom water samples at station MM-5, at 
the northeast end of Bow Lake, was much more dramatic than changes in Bentley Lake. In May, levels of manganese 
increased from 68 pg/L at the surface to 6730 fig/L at the bottom, nearly a 1 00-fold increase. The increase in manganese 
concenfrations was even more pronounced in the August sampling, when concentrations at this location rose from 14 
fig/L at the surface to 1 1 ,300 pg/L at the bottom, an 800-foid increase. In contrast, levels of aluminum and iron increased 
only 2- to 3-fold, while levels of uranium increased from 23.8 pg/L to 123 Mg/L, a 5-fold increase. However, in bottom 
water samples in August, the increase in uranium over levels in May was only 2-fold (from 43.6 Mg/L to 88.3 \ig/L), 
though levels in surface water had nearly doubled. Strontium concentrations also increased approximately 3-fold from 
the surface to the bottom at the east end of Bow Lake in both May and August. Concentrations of uranium in November 
were similar in both surface water and bottom water samples (56 \ig/L vs 64 pg/L). but show an overall increase in 
surface water concentrations in the fall. Concentrations of manganese and sfrontium also decreased in bottom water 
samples during this period though, like uranium concenfrations, while levels decreased in bouom waters, levels inaease 
in surface water. The data also show that the chemical su-atification apparent in the May and August sampling persists 
through the fall with a strong differential between surface and bottom water concenfrations of manganese. 

The data again suggest that the substantial increase in conductivity at the bottom of the water column is due primally 
to the very high concenuations of manganese in the water. While bottom water concenfrations decreased in November, 
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levels of uranium, strontium and manganese were still higher than surface samples. Concentrations of strontium and 
manganese in bottom waters in November were lower than in May or August, but still approx. 2-times and 3 1 times 
concentrations at the surfacerespectiveiy. However, concenu-alions of all three metals increased in surface water samples, 
likely a result of at least partial mixing of the deeper waters during fall turnover. This mixing was most apparent in the 
uranium concenUrations, which in the bottom waters, were similar to surface concentrations. The concentrations of the 
other metals, which were relatively much higher in bottom water than surface water compared to uranium concenu-ations, 
still showed a strong difference with depth. 

Concenu-ations of all three metals remained elevated at the other two stations in Bow Lake (MM-6 and MM-7), and 
persisted into the two small lakes downstream of Bow Lake. At all four stations, concentrations of uranium, manganese 
and strontium declined only shghily from levels at station MM-5- 

Elevated levels of uranium, manganese and sfrontium persisted downsu-eam as far as the confluence with the Crowe 
River, though levels did decrease gradually with distance (Figures 1 1 to 14). However, both uranium and sfrontium 
concentrations were higher than the control stations all the way down Bentley Creek, and only at station MM-12, in the 
Crowe River, were concentrations similar to stations MM-LC (lake conu-ol) and MM-SC (upstream stream control). 
Levels of manganese in the water column, by comparison, though very high in bottom water samples from Bow lake, 
decreased much more rapidly (Figure 12), such that by station MM-10, concenfrations were similar to the upsu-eam 
stfeam control, station MM-SC. 



Dyno Mine 

The lake background for the Dyno Mine site was located in Brough Lake, which is situated upsueam of both Farrel Lake 
and the tailings disposal area. Brough Lake is at the northern end of the mine property, and thus removed from impacts 
from the site. Concenualions of metals and nutfients in the water are considered as typical of background for this area. 
Concentrations of the parameters of concern (uranium, iron, manganese and strontium) were below ihebackgroundlevels 
at Siddon Lake (MM-LC). the local background site for the Madawaska Mine. Concentrations of these parameters were 
also similar at the next station downstream, DM-1, located just above the mine site. 

Concenfrations of the parameters of concern (uranium, iron, strontium) increased moderately in Farrel Lake and levels 
at both stations (DM-2 and DM-3) were very similar (Figures 1 1 to 14). At station DM-3, an increase with depth was 
noted in uranium from 0.45 pg/L at the surface to 1 .44 )ig/L near the bottom (3.5 times increase) in May, and from 0.68 
(surface) to 1 .82 pg/L (bottom) (2.7 times increase) in August. However, in November, concenfrations in both the surface 
and bottom water samples were 0.82 and 0.8 pg/L respectively, indicaUng that complete mixing due to fall turnover had 
occurred. At this same station, iron increased with depth from 164 |ig/L at the surface to 1420 pg/L in the bouom water 
in May (8.6 times) and from 256 to 2790 ng/L in August (10.9 times). Again, in November, concenfrations in both 
surface and bottom water samples were nearly identical (702 \ig[L and 698 Mg/L). Manganese showed little difference 
between surface and bottom concenfrations in May (112 vs 188 |jg/L, i.e., 1.7 times), but levels in the bottom water 
increased substantially by August (from 29 |ig/L at the surface to 828 pg/L at the bottom or an increase of 28.5 times), 
but were nearly identical lo surface water concenfrations in November (176 Mg/L). However, all three metals showed a 
substantial increase in surface concenfrations in November, after turnover, suggesting that the fall lake turnover 
contributes to significantly higher surface concenfrations of these metals. 

Unlike Bentley Lake and Bow Lake, concenfrations of sttontium increased only slightly with depth, and levels at the 
bottom (station DM-3) were less than 2-times the concenfrations at the surface. By November, concenfrations in surface 
and bottom water samples were nearly identical. 

Concenfrations of uranium, iron and manganese at station DM-4.in the beaver pond adjacent to. and at the outlet of Farrel 
Lake, were similar to surficial concenfrations in Farrel Lake, and only approx. 2 Umes higher than at the sfream confrol 
(station DM-SC). While concenfrations of manganese decreased to near background levels at stations DM-5 and DM-6 
in May, concenfrations remained above background in August, and increased only slightly in November. Both uranium 
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and iron showed only a slight decrease at staUon DM-5 in May from concentrations at DM-4, but higher concentrations 
than at DM-4 in August (uranium concentrations were as high as, or higher than concenU-ations in Farrel Lake). The 
elevated levels persisted into November, and even after turnover, levels were similar to those in August. For both 
uranium and iron, concentrations did not decrease until Eels Lake (station DM-8), wbtre levels were similar to 
background. Concentrations of manganese, uranium and iron were all similar to background levels at station DM-8, and 
remained low at the other stations in Eels Lake (stations DM-9 through DM-1 1 ). 

Bicroft Mine 

The control for the Bicroft site was located in Centre Lake (BM-LC), which lies just north of the site. The control 
location was the large basin at the north end of the lake. Concentrations of uranium wwe Iowct in this lake than at either 
of the two other background stations, but both iron and manganese were similar to the other controls. 

While uranium concentrations in surface and bottom water samples at station BM-L located at the southwest end of 
Centre Lake, adjacent to the tailings dam, wwe similar to the control (DM-LC) during both the May and August 
sampling, concenu-ations of both iron and manganese increased significantly at the bottom in the August sampling 
(bottom water was not collected during the May sampling period), iron increased from 233 ^g/L at the surface to 7160 
Mg/L at the bottom, the largest (30.7 times) increase that occurred at any of the stations sampleaj. manganese increased 
from 26 Mg/L to 365 pg/L (14 limes), which was the lowest increase in manganese of the three mining areas studied. U 
levels increased only slightly (from 1.5 ng/L to 2.0 ng/L). 

During the May sampling period, one station, BM-2 was located inside the tilings pond ("Auger Lake"). Concentrations 
of U were only slightly elevated compared to Centre Lake control (BM-LC), and much lower than at any of the 
downstream sites below the Madawaska Mine. Station BM-2 was not re-sampled during any of the subsequent sampling 
periods. 

Station BM-3 was located upstream of the mine site, below the outlet of Cenfre Lake, and thus served as the sfream 
control for this mine site, Concentrations of iu"anium, iron, manganese and strontium were all similar to concentrations 
at station BM-LC. 

Substantial increases in uranium, manganese and strontium concentrations in May. August andNovember were apparent 
at station BM-4, below the Pond A discharge. Tlie highest concen nations of both uranium and strontium for this mine 
site component were recorded at this location. Uranium ranged from 5.75 Mg/L in May to 9.56 Mg/L in August, to 12.6 
Mg/L in November, though this is well below the maximum concentration in surface waters for this period, which was 
56 Mg/L in Bow Lake (though concenu-ations in Bow Lake bottom waters were even higher). Concentrations of strontium 
and manganese were substantially higher at station BM-4 in November (745 ng/L and 479 pg/L respectively) than in 
either May (475 pg/L manganese and 273 iig/L sfrontium) or August (412 pg/L manganese and 296 Mg/L strondum). 

By station BM-6, just at the mouth of Deer Creek, concentrations were 8.17 Mg/L in May, 1.1 pg/L in August, but 
decreased to 1.96 Mg/L in November. While much lower than at any of the other two mine sites, these still represent 
increases over background of 8 1 -times (May ) and 28 times (August) and 25 times (November). Though concenu-ations 
of manganese and strontium were relatively high at station BM-4, concentrations at BM-6 were only slightly above 
background in May and August, but for strontium increased by approximately 2-times by November. 

Concenu-ations of all four (uranium, iron, manganese and sfrontium) were slightly elevated at station BM-7. in Inlet Bay 
(i.e., were similar to concentrations at BM-6) in May and August, but bottom water sampling in August revealed little 
difference between surface water and bottom water concenu-ations. While uranium and strontium concentrations were 
similar in November to levels in May, manganese concentrations were much higher than either of the two earlier 
sampling periods. 

Concentrations of uranium and strontium at the other stations in Paudash Lake were slightly lower than at station BM-7 



and showed little variation between sampling locations or with season, though concentrations remained above those in 
Centre Lake. Concentrations of manganese were typically higher than in the controls in November, but the higher 
concentrations in Lower Paudash Lake in comparison with Paudash Lake suggests there may be another source of 
manganese in this area. 



3.1.3 Radionuclides 

Results of the radionuclide analysis are also included in Table 3. Only radium-226 was measured in water samples, 
though both dissolved and suspended particulates were included in the analysis (Figure 1 3). The analysis was performed 
by the AECB lab in Ottawa. 

Madawaska Mine 

The occurrence of radium-226 shows a pattern of distribution similar to that noted for uranium and strontium (Figure 
13). Levels of radium-226 increased in Bentley Lake (station MM-2) but only in bottom water samples. Surficial 
concentrations were similar to the upstream controls and were all below detection limits of 0.02Bq/L. A slight increase 
was noted at station MM-4 (0.03 Bq/L) and surface waters at station MM-5 (to 0.04 Bq/L), but a much larger increase 
was noted in the bottom water samples from MM-5. As with many of the other metals, a seasonal increase in bottom 
water concenu-aiions at this station was also noted from May to August (to 0.27 Bq/L and 0.38 Bq/L respectively). 
Bottom water concenuation decreased to a low of 0.06 Bq/L in November, which was only 3-limes higher than surface. 

Concenu-aiions were also slightly elevated (0.16 Bq/L) in bottom water samples from station MM -6 in August (bottom 
water was not collected in May or November). In May, surface sample concenu-ations reached a high at station MM-8 
(0.05Bq/L). Concentrations remained in the 0.03 to 0.05 Bq/L range from stations MM-7 through MM-1 1 , and returned 
to below detection limits only at station MM-12, in the Crowe River during both sampling periods. The highest surface 
water concentrations (0.04 Bq/L) was noted in November. 

Dyno Mine 

Concenu-ation of radium-226 in surface water samples increased to 0.18 in May at DM-2 from less than detection limit 
at background stations, but decreased slightly during d)e August sampling period (Table 3: Figure 1 3). Concentrations 
reached ahigh of 0.58 Bq/L in the bottom waters at station DM-3, though surface samples were similar to station DM-2. 

Concenu-ations in samples below Farrel Lake, in Farrel Creek, were much lower (e.g.. 0.08 Bq/L at station DM-5 ) in May 
samples, but increased during the August sampling period (to 0.21 at DM-5). Concentrations in Eels Lake were below 
detection limits during both May and August. 

Bicroft Mine 

The May sampling included the tailings disposal area (Auger Lake), and while the intent of this study was not to assess 
the mine sites, the results serve as a suitable reference point. Concenuations of radium-226 were higher in this lake (0.81 
Bq/L) than at any otlier sampling location. The small creek below the Pond A outlet (BM-4) also had elevated levels 
(0.55 Bq/L), but below this point concentrations rapidly decreased, such that by station BM-6, levels were down to 0.04 
Bq/L (Table 3; Figure 13). However, concentrations remained in the 0.02 to 0.03 Bq/L range through most of the Paudash 
Lake and Lower Paudash Lake sampling locations. 

In August, concentrations at most stations were slightly lower. Concentrations at station BM-4, though lower than in 
May, were still higher than at any other site sampled in this study. 

Bottom water samples were also collected in August at station BM-1 , in the southwest arm of Centre Lake. Levels were 
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slightly elevated over surface concentrations (below detection limits). During this same period, levels in Paudash Lake, 
with the exception of station BM-7 were all below detection limits. 



3.2 Sediment Analysis 

Results of the sediment sampling (sediment samples were collected only once, during the May sampling period) are 
presented in Table 4 and are shown on Figures 21 to 26. Analysis was undertaken for a suite of metals, including 
uranium, as well as radionuclides. The only metals that exhibited elevated concentrations were uranium, iron, manganese, 
strontium and radium-226. 

Background concenU-ations of uranium ranged from6 pg/g in Centre Lake (BM-LC) to 23 Mg/g at Brough Lake (DM- 
LC). Concentrations in SiddonLake (MM-LC), the background site for theMadawaska Mine, were midway in this range 
(13-14 fig/g). Concentrations in both Centre Lake and Brough Lake, showed very little change widi depth down to 30 
cm , but levels in Siddon Lake decreased form 1 3- 14iig/g in the top 1 cm to 8 pg/g in the 20-30 cm section, and indicate 
that there may have been some influence on this lake from nearby mining activities. However, the concentration at the 
surface is still well within the range of the other background lakes, as noted above. 

Madawaska Mine 

Concentrations of uranium inaeased in Bentley Lake sediments over background, with the largest increase in the 0-10 
cm section at both stations MM-1 and MM-2 (Figure 2 1 ). However, the concentration in surficial sediment at MM-2 was 
slightly more than double the concentration at station MM-1 . The concenuation of uranium decreased with depth such 
that at station MM-2, levels in the 20-30 cm section (30.5 pg/g) were one-eighth the concentration in the surface 
sediments (239 Mg/g)- 

Sediment concentrations were Iowct at station MM-3 (approx. 2-3 times background) but increased again at station MM- 
4 (153 Mg/g in the 0-10 cm section). However, at this location, subsurface concentrations were higher than in Bentley 
lake sediments, particularly in the 10-20 cm section (121 Mg/g)- 

While surface concentrations at station MM-5 were similar to station MM-2 (239 Mg/g) subsurface concentrations were 
considerably higher (462 Mg/g in the 10-20 cm section). Concentrations remained high at station MM-6, though 
subsurface levels were substantially lower (91 )ig/g in the 10-20 cm section). 

Station MM-7. at the southwest end of the take also yielded high concentrations in surficial sediment ( 1 69 Mg/g). and 
slightly higher subsurface concentrations ( 1 15 Mg/g) than at station MM-6. A similar distribution of uranium was apparent 
at both station MM-8 and MM-9. While concentration at MM-8 were slightly Iowct than in Bow Lake, levels were higher 
in both surface and subsurface section at station MM-9 (210 Mg/g in the O-IO cm section; 256 Mg/g in the 10-20 cm 
section). Only at stations MM-IO and MM-12 (Crowe River) did concentrations decease to levels similar to those at the 
stream control (MM-SC). 

Ttie distribution of the othei metals of concern followed a similar pattern lo that noted for uranium. Su-ontium (Figure 
24), iron (Figure 23) and manganese (Figure 22) increased in Bentley Lake sediments, with the highest increase in the 
surface sediments. However, at both stations, subsurface manganese concentrations were 2-3 times higher than the 
corresponding section at the control and up lo 8-times higher for strontium. As noted for uranium, concentrations 
decreased at stations MM-3 and MM-4, but increased again at station MM-5 in Bow Lake. Unlike uranium, 
concentrations of these metals were lower at this station than in Bentley Lake, and ranged up to a high of 1300 Mg/g 
manganese and 140 Mg/g strontium in surficial sediments (vs. 2400 Mg/g manganese at station MM-1 and 380 Mg/g 
strontium at station MM-2). 
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Concentrations remained elevated at stations MM-6 and MM-7. and were similar to concentrations at MM-5 in both 
surface and subsurface sections. While concentrations of both manganese and sironlium decreased slightly at station MM- 
8, levels were higher in MM-9 sediments ( 1 500 p.g/g manganese in the 0- 1 cm section; 1 50 tig/g strontium in all three 
sections). 

Background concentrations for sediment radionuclides were 0.03 Bq/g for radium-226 and 0.2 Bq/g for uranium-238 
(station MM-LC). A minor increase was noted in Bentley Lake sediments, where concentrations of radium-226 (Figure 
25) and uranium-238 (Figure 26) rose to 0.16 Bq/g and 0.93 Bq/g respectively. Concentrations of both were highest in 
the 0-10 cm section, and near background in the 20-30 cm section. 

A modest increase was noted ai station MM-4 (0.24 Bq/g Ra-226; 1.43 Bq/g U-238). but the most notable increase 
occurred in station MM-5 sediments. Concentrations of radium-226 rose to 1 2. 17 Bq/g in the 0- 10 cm section and to 4. 12 
in the 10-20 cm section while uranium-238 rose to 2.49 Bq/g in the 0-!0 cm section, and 4.3 Bq/g in the 10-20 cm 
section. 

Concentrations of both were considerably lower at station MM-6. Radium-226 in the surface sample (0-10 cm) was 3.22 
Bq/g, and had decreased to background levels in the 20-30 cm section. Uranium-238 in the surface sample was 2.44 Bq/g 
but had decreased to only 0.91Bq/g in the 20-30 cm section (vs. 0.1 in the corresponding section at the background 
station). 

Concentrations at stations MM-7 through MM-9 were in the 0.65 to 1.1 Bq/g range for radium-226, and in the 1 .3 to 2.1 
Bq/g range for uranium-238. Only at stations MM-10 and MM-12 did concentrations fall to near background levels. 

Dyno Mine 

Background concentrations of uranium in Brough Lake ranged from 23 jig/g in the 0-10 cm section to 21 pg/g in the 20- 
30 cm section (Table 4; Figure 2 1 ). A slight increase in surficial concentrations was noted at station DM-1 , a much larger 
increase occurred at station DM-2 (102 ^g/g in the 0-lOcm section and up to 141 pg/g in the 20-30 cm section). It should 
be noted that the sediment at this location was comprised primarily of tailings material. 

Concentrations at station DM-3, in the deep basin of the lake were lower (87 pg/g; 0-10 cm) than at station DM-2, and 
were similar to background in the 20-30 cm section. However, a substantial increase was noted at station DM-4, where 
surficial concentrations rose to 212 ug/g , while subsurface concentrations (10-20 cm ) were 290 |ag/g. 

Concentrations downstream in Farrel Creek (DM-5 and DM-6) were much lower, and ranged up to a high of 67 pg/g at 
siadon DM-6. Concentrations in Eels Lake sediments (DM-8 through DM-1 1) wae at (DM-8) or below background 
levels. 

The distribution of manganese (Figure 22). iron (Figure 23) and su-ontium (Figure 24) showed only minor changes 
downstream of the mine sites as compared to the controls. Manganese concentrations at station DM-2 were lower than 
in the control lake while su-onlium levels increa.sed by a factor of 2-3 and both stations DM-2 and DM-3. The 
concentrations of both metals actually increased only at stations DM-9, DM-1 and DM- 1 1 , in Eels Lake, well away from 
the mine site. 

The distribution of radionuclides showed a slightly different accumulation pattern. Concentrations in the background 
staUons (DM-LC and DM-SC) ranged from 0.3 to 0.4 Bq/g radium-226 (Figure 25), and 0.1 to 0.21 Bq/g uranium-238 
(Figure 26). While both showed a slight increase at station DM- 1 (up to 2-limes higher), the highest concentrations were 
recorded at station DM-2 (Ra-226 was 1 1 Bq/g in Uie 0-10 cm section and 13 Bq/g in the 20-30 cm section), while 
uraniuni-238 ranged from 6.4 Bq/g in the 0-10 cm section to 8.6 in the 10-20 cm section. It should be borne in mind, 
however, that the substrate at this station was comprised mainly of tailings material. 
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Concentrations of both were still elevated at station DM-3 (9.2 Bq/g Ra-226 and 1 .4 Bq/g U-238 in the 0-1 cm secUon), 
but decreased subslanUally with depth (0.34 Bq/g Ra-226 and 0.19 Bq/g U-238 in the 20-30 cm section). While the 
concentrations of some metals were elevated at station DM^, levels of radium-226 were lower at this station than in 
Farrel Lake. The concentration in the 0-1 cm section was down to 1 .6 Bq/g, while in the 20-30 cm section the level was 
0.42 Bq/g. Concentrations remained in this range down to Eels lake. Surficial concentrations of radium-226 were slightly 
elevated at all stations in Eels lake in the 0-1 cm section when compared to the 20-30 cm sections 

Uranium-238 concentrations increased slightly at station DM -4, but decreased downstream. Concentrations were similar 
to background at all stations in Eels Lake. 



Bicroft Mine 

Centre Lake sediments yielded the lowest background levels of all compounds analyzed (Table 4). Concentrations of 
uranium were consistently 6 |ig/g in all three sections. A slight increase (13.3 Mg/g in the 0-10 cm section) was noted al 
station BM-1. north of the tailings dam (concentrations in the 20-30cm section were similar to the background station). 

Station BM-2 located in the tailings disposal area yielded a sediment uranium concenu-ation of only 58.2 ng/g, which was 
lower than some of the downstteam locations such as BM-4, BM-6 and BM-7 (Figure 2!). The uranium concentration 
at station BM-4 was 88 \xglg while at station BM-6 it was 346 ug/g. 

Sediment concentrations of uranium in Inlet Bay of Paudash Lake were 1 34 (ig/g in the 0- 1 cm section and 4 1 .7 ^g/g 
in the 1 0-20 cm section, and even in the 20-30 cm section was still approx. 4-times higher (25 ug/g ) than at the control 
(BM-LC). Concentrations were sUU higher than controls (BM-LC. BM-3) at station BM-8 and showed little variation 
among sections, while stations in Lower Paudash Lake (BM- 1 and BM- 1 1 ) were in the range of 26-30 lig/g in the 0- 10 
cm section and 1 3-1 5 ug/g in the 20-30 cm section. 

Of the other metals of concern, only minor increases were noted in sediments below the mine site. Manganese increased 
at station BM-4 to 1 100 ug/g from a background of 400 ng/g (Figure 22), while strontium (Figure 24) and iron (Figure 
23) increased only in staUon BM-7 (Inlet Bay) sediments. StaUons in Paudash Lake (BM-8 through BM- 1 1 ) showed the 
highest accumulation of strontium (2-3 times backgroundlevels) while iron was highest (<2-times background) at stations 
BM-8 and BM-7 respectively. 

Background concentrations of radium-226 (Figure 25) and uranium-238 (Figure 26) in Cenu-e Lake ranged from 0.06 
to 0.09 Bq/g and 0.1 to 0.1 9 Bq/g respectively. The tailings disposal area (BM-2) yielded concentrations of radium-226 
Of 9.9 to 14 Bq/g and iiraniimi-238 of 9.7 to 1 2 Bq/g. Ra-226 concentrations were still elevated at station BM-4 (8.3 Bq/g) 
while U-238 concentrations had decreased to 1.6 Bq/g. While the concentraUon of radium-226 was relatively low at 
station BM-6, the sediment concentrations at station BM-7, in Inlet Bay, were similar to the tailings disposal area (14 
Bq/g in the 0-10 cm section). Uranium-238 remained low. at 1.6 Bq/g in inlet Bay sediments (BM-7) though 
concentrations at station BM-6 ranged up to 3.7 Bq/g. 

Concenu-ations of radium-226 remained in the range of 0.7 to 1 .1 Bq/g in the 0-10 cm sections at all stations in Paudash 
Lake, but decreased to background levels in die 20-30 cm sections. Uranium-238 concentrations were similarly elevated 
in the 0-10 cm sections and at or near background levels in the 20-30 cm sections. 



3.3 Benthic Community Structure 

Results of the benthic community analysis are presented in Table 5 (major benthic taxa) and Table 6 (detailed 
identification of organisms). All values in the tables are expressed as numbers of organisms per square meter. 
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Madawaska Mine 

Both the lake control and the stream control stations had relatively diverse faunas, though the stream control station 
(MM-SC) had a much greater variety of organisms than the lake control station (MM-LC). This would be expected due 
to the greater diversity of habitat types that occur in shallow waters. The lake station MM-LC. was characterized mainly 
by the oligochaetes and chironomid communities, though both were dominated by organisms typical of mesou^ophic 
conditions (such as Limnodrilus hoffmeisteri among the oligochaetes and Chironomus and Tanypus among the 
chironomids (Saether 1975)). 

The benihic communities at stations MM- 1 and MM-2, in Bentley Lake, were considerably reduced in both density and 
diversity of organisms. The oligochaete community was entirely absent at station MM-1 and represented by only a few 
individuals in one replicate at station MM-2. Similarly, while the chironomid community at station MM-2 was 
represented by the same species as at station MM-LC, density was reduced. The chironomid community at station MM- 1 
was also reduced in diversity, and was represented by only two species, both of which are tolerant of low oxygen 
conditions. 

Tlie benthic community at station MM-3, below the outflow from Bentley Lake was relatively diverse, but was reduced 
in comparison to the su-eam control, station MM-SC. The benthic community at station MM-4 was similar in both density 
and diversity to station MM-3. Both were similar in terras of the species present, and were well represented by all of the 
major groups, though chironomids did predominate at station MM-4 (this group formed a relatively small percentage of 
the fauna at station MM-3). 

The fauna at station MM-5, in the east basin of Bow Lake, was considerably reduced in both density and diversity of 
organisms. Except for a few individuals in one replicate, the oligochaete community was absent. The chironomid 
commimity, as well, was reduced to primarily Tanypus, which is a typical inhabitant of organic habitats, and is tolerant 
of low oxygen conditions. In addition, the sphaeriid community was also absent at this station, as well as at both stations 
in Bentley Lake. 

However, the sphaeriid community was present at the remaining two stations in Bow Lake (stations MM -6 and MM-7), 
and in both cases formed a substantial part of the benthic communities. While the oligochaete community was better 
represented at station MM-6 (mean of 108 individuals per sq. m). the same community at station MM-7 was small. 
Similarly, the chironomid community was represented by only Chironomus at station MM-6 and both Chironomus and 
Procladiusal station MM-7. While diversity was low, it was similar to both Bentley Lake and Siddon Lake (stationMM- 
LC). Overall density of organisms was also similar between Bow Lake stations and Bentley Lake, though both were 
reduced in comparison to Siddon Lake. 

The oligochaete community was also absent at station MM -8. in the small lake downstream of Bow Lake. This was a 
relatively shallow lake and is reflected in the greater diversity of some of the insect species, particularly the 
ceralopogonid community. However, the chironomid community was still represented primarily by the same two species 
that were common in the upstream lakes. 

The benthic community at station MM-9 was much more diverse than any of the upstream lakes. This lake was very 
shallow (approximately 1 m) and this would account for the greater diversity of insect species, as well as the presence 
of gastropods. The chironomid community was more diverse than any of the stations upstream, and included a number 
of genera, such as Cladotanyiarsus. Polypediium and Tanylarsus, that are typical of such habitats. In total 10 genera of 
chironomids were recorded from this lake (as compared to 2-3 in the larger, deeper lakes). 

An even more diverse benthic community was noted at station MM-10. This was essentially a shallow water (< Im) 
flowing water habitat, similar to station MM-SC and yielded a similar fauna in both species present and density of 
organisms. 
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The furthest downstream station MM- 12, located in the Crowe River yielded a very diverse fauna typical of flowing 
water habitats. 



DynoMine 

Tlie benthic community in Brough Lake (control station DM-LC) was characterized by the absence of the oligochaete 
community, with the chironomids and sphaeriids comprising nearly the entire fauna. The low numbers of species, and 
in particular the presence of Siictochironomus and Tanytarsus, suggests this is a relatively oligotrophic lake. Saether 
(1975) noted that certain species of chironomids, such as Siictochironomus. wctc typical of the deep profundal areas of 
oligotrophic lakes, which he classified as Stictochironomus-Xypt lakes. 

The stream control, station DM-SC, was relatively less diverse than the communities noted in the Bentley Creek/Crowe 
River watershed. In particular, die insect community was much reduced (only one species of Trichoptera was noted). 
However, the chironomid community was very similar to the Bentley Creek control as well as downstream stations in 
Bentley Creek (MM-10) and the Crowe River (MM-12). 

Station DM- 1 , located in the small pond downstream of Brough Lake (DM-LC) was similar in density to station DM-SC, 
though the fauna was slightly more diverse, particularly in terms of the insect species. Div^-sity of the chironomid 
community was similar, thou^ there was a slight shift in the species present to more standing water types. 

Station, DM-2 located in Parrel Lake just below the tailings dam, yielded a slightly more divCTse fauna than the control 
(DM-LC). Notable was the presence of the mayfly Hexagenia, which typically prefers sandy-silty substrates (this species 
needs a firmer, more cohesive substrate in order to construct burrows in die sediment). The higher content of fine taihngs 
material noted in these sediments would tend to render these sediments more suitable to this species. The chironomid 
community was also relatively diverse (7 different species/genera) and was typical of relatively shallow areas of lakes 
(e.g.. Cladopelma, Hamischia and Tanytarsus). A relatively limited oligochaete community was also present 

The benthic community at station DM-3, located in the deep basin of Parrel Lake, was reduced to primarily chaoborids 
and a few chironomids. Only two species of the latter were present, and the fauna suggests that low oxygen is a factor 
in this basin. 

Tlie fauna at station DM-4 located in the adjacent beaver pond was restricted primarily to the chironomids, of which a 
relatively diverse community was noted. Notable was the absence of insect species, which would have been expected 
in such a shallow organic habitat (in habitat characteristics, this pond would have been sunilar lo station MM-9). 

Station DM-5 yielded a much more diverse fauna, more typical of shallow flowing waters than at station DM-4. The 
benthic community at this station was similar in both density of organisms and species composition with station MM- 10. 
A similar fauna was also observed at station DM-6. 

Station DM-8, located near the mouth of Parrel Creek in the shallow bay of Eels Lake, yielded a very diverse fauna which 
included a wide range of chironomid species typical of shallow lake habitats, as well as the mayfly Hexagenia. 

The remaining three stations in Eels Lake (DM-9, DM- ! and DM- 1 1 ) were all similar and in terms of fauna were typical 
of deep oligouophic lakes. The chironomid fauna, which comprised over 50% of the total fauna, was in turn dominated 
by Siictochironomus, which as has been noted earlier is typical of deep oligotrophic lakes. 

Bicroft Mine 

The background location for the Bicroft site was in the north basin of Centre Lake. The fauna at this location consisted 
mainly of chaoborids with a few chironomids and a very small population of oligochaetes. The reduced chironomid 
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populaUon. and the high density of chaoborids suggest that this basin, like the other deep lake basins in this study, suffers 
from low oxygen at least at certain times of the year. A similar situation appears to exist at station BM- 1 . in the southwest 
basin of Centre Lake adjacent to the north tailings dam. 

While the benthic community was reduced in the tailings pond (station BM-2), and is not the subject of this investigation, 
the presence of the mayfly Hexagenia was noteworthy. As in Farrel Lake, the presence of tailings material hkely creates 
a more suitable burrowing subsu-ate for this organism. However, the reduced number of other invertebrates as compared 
to other similar habitats in the study area suggests that the substrate does not form an ideal habitat for many other species. 

Station BM-3 served as the stream control for this site, and yielded a very diverse fauna of a mix of both flowing water 
and standing water species. 

The benthic fauna below the outflow from Pond A, located in a very small stream, yielded a much less diverse fauna 
(only 5 species were recorded vs. 24 at station BM-3). Faunal density was also approximately 25% of the density at 
station BM-3. As noted ai the other mine sites, stream habitats in this area tend to have diverse benthic faunas, and the 
lack of diversity at this site is noteworthy. 

In contrast, the benthic community at station BM-6, near the mouth of Deer Creek, was more diverse and resembled the 
commimity at the stream control (BM-3), though density of organisms remained well below the levels recorded at station 
BM-3. The diversity of insect groups, and in particular the mayflies, was reduced, as was the divCTsity of chironomids, 
though the species present were similar to those at station BM-3. 

The benthic community at station BM-7, located in Inlet Bay (Paudash Lake) was composed primarily of chaoborids, 
which suggests that this basin also suffers periods of low oxygen in the bottom water. In contrast, the benthic community 
at station BM-8, in a much shallower basin, was more diverse, with the presence of both amphipods and isopods. It 
should be noted that this area experiences significant weed growth in the summer which would provide suitable habitat 
for these organisms. This was also reflected in the more diverse chironomid community at this site as well. 

Station BM-9 was located in the deep south basin (Joe Bay) in a sandier substrate, and this is also reflected in the 
relatively larger oligochaete and chironomid communities. 

The remaining deep basin stations (stations BM-10 and BM-1 1) had similar benthic communities that were dominated 
by the chaoborids and secondarily by the chironomids. These were both deep stations (12m or more), and likely 
experience lower oxygen levels, particularly during the summer thermocline formation. The chironomid fauna suggests 
that this lake is less oligotrophic than the other deep lakes, since both Frocladius and Tanytarsus formed the majority 
of the chironomid fauna. Stictochironomus was noticeably absent at these stations, and suggests a slightly higher organic 
input than Centre Lake or Brough Lake. 



3.4 Laboratory Sediment Bioassay Testing 

3.4.1 Water Quality Test Parameters 

Conductivity, pH, total ammonia, un-ionized ammonia and dissolved oxygen parameters were periodically measured on 
the overlying water for each test species and summarized in Table 7. Values are reported as mean ± standard deviation. 

The pH recorded among the reference and nine test sediments for the mayfly, midge and minnow tests varied 
considerably. While pH remained relatively constant (ranged between pH 7 and pH 8) at the majority of stations, there 
was a considerable decrease in pH over the period of the test (2 1 -days) in botii the fathead minnow assays at stations 
MM-5, MM-7, DM-3 and BM-7, and the mayfly assays at stations MM-7, DM-3, BM-7 and the reference station BM- 
LC. The results are presented in Table 7, and show the lowest recorded pH (3.74) occurred at station DM-3 in the mayfly 
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assay. Conductivity readings were also variable and ranged between a low of 2 1 5 |jmho/cm at the reference station to 
a high of 1101 ^imho/cm in station MM-5 sediment and suggest th»e may have been release of ions from the sediments 
during the test period. Ovra-all results are reasonably consistent witii results from bulk sediment analysis (Section 3.2). 
Dissolved oxygen witiiin the test jars remained above the minimum acceptable level (>4 mgA) throughout the test 
(OMOEE, 1994). Test temperature was near 20°C for each bioassay. 

The amount of total ammonia (NH4), along with the converted tui-ionized ammonia (NH3) based on temperature and pH, 
was also recorded in Table 8. The lowest un-ionized ammonia concenuation was reported for the negative control 
exposure in Uie mayfly and chironomid toxicity test (<0.(X)3 mgNH^/L). Un-ionized ammonia concentrations measured 
in the lest sediments were either within twice the PWQO of 0.02 mgNHg/L or within twice the concentration reported 
for the reference sediment exposure. The un-ionized aimnonia concentrations are well below cited acute and chronic 
concenu-ations for fatiiead minnows (Thurston et al, 1983; 1986) and midge larvae (Schubauer-Berigan et ai, 1995; 
Whiteman et ai, 1996), recorded for, or extrapolated using the actual test temperature and pH. 

3.4.2 Sediment Characterization 

The following sections summarize the sediment physical and chemical paranKters to aid in tiie interpretation of the 
biological toxicity results. Chemical analysis is based on the sediment prepared for toxicity testing and results may differ 
from those reported for any field samples collected concurrentiy. Any dissimilarities are litely due to in-situ chemical 
heterogeneity and/or sampling depth and sample handling (ASTM, 1997b). 

Physical and Nutrient Properties 

Sediments were characterized for % sand (2mm-62^m), % silt (62-3.7p,m), % clay (3.7-0. l^m), % loss on ignition 
(LOI), total organic carbon (TOC), total phosphorus (TP) and total Kjeldahl nitrogen (TKN) (Table 8). 

The control and test sediments were characterized as either silty, clay loam or sandy loam depending upon tiie relative 
proportion of fine and coarse-sized particles (Millar et al, 1 965). All stations (as well as the negative control), with tiie 
exception of sediments from station BM-6, were predominately comprised of sill and clay fractions (>75%). Station BM- 
6 contained 52% sand. While silt and clay sized particles con^rised most of the sediment at station DM-2, the sediments 
contained a visible amount of tailings-Uke material, and this is also reflected in tiie relatively lower TOC of these 
sediments, compared to those from the other stations. 

The sediments were generally dark brown in colour with the exception of sediments form the deep basin of Farrel Lake 
(station DM-3) and from the east basin of Bow Lake (station MM-5), which were black in colour. 

Trace Metal Sediment Concentrations 

Bulk sediment samples were analyzed for 1 3 trace metals (Table 9). The sediment metal concentrations were compared 
10 Severe Effect Levels (SEL) and Lowest Effect Levels (LEL) of the Provincial Sediment Quahty Guidelines (PSC?Gs) 
(PersaudeiaA. 1993). 

Exceedences of Uie SEL were noted for nearly ail test sites for iron while three sites exceeded the SEL for manganese 
and an additional two sites exceeded the SEL for lead (stations DM-2 and DM-4). 

The disuibution of uranium varied among the test sediments. Sediment concentrations were highest al stationMM-5 (540 
Mg/g), station MM-7 (474 ^lg/g) and station BM-6 (491 jig/g) and were significantiy higher (by nearly two orders of 
magnitude) than reference sediments from station BM-LC (5.5 ng/g). Levels at the remaining station were in the range 
from 100 to 300 Mg/g except at stations DM-2 and BM-7, where levels ranged from 78 jjg/g to 83 ng/g respectively. 
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Organic Chemical Sediment Concentrations 

Concentrations of 16 organochlorine pesticides and 1 1 chlorinated organic compounds in all sediment samples were 
below the respective detection limits (Table 1 1). 

3.4.3 Mayfly (Hexaeenia limbata) 22 -day Lethality and Growth Results 

The biological data lor the two endpoints, mortality and growth, are summarized in Table 10 and are shown on Figures 
27 and 28. Differences in mayfly toxicity were compared among all sites and mortality was statistically higher at two 
test sites { ANOVA; p=0.0002). Station BM-6 sediment was moderately toxic to mayflies with 63% mortality and station 
DM-3 sediment showed a significant toxic effect with 100%mortality, as compared to the remaining four test sites 
(Range: 0% to 16% mortality; LSD Mest). As well, the average percent mortality for each test sediment was individually 
compared to the reference control sediment using Dunnett's /-test to determine the degree of difference in biological 
response between the test sediment to that associated with local background conditions. Percent mortality in the reference 
control (station BM-LC) was 26.6% and was significantly different than station BM-6(63% mortality) and station DM-3 
(100% mortality), but was not significantly different from station MM-5 (40% mortality). 

Mayfly body weights varied significantly among test and control sediments (ANOVA; p<0.0001). Final growth 
measurements fell into two distinct groups. The best nymphal growth occurred at three sites (stations MM-2, DM-4 and 
BM-7) which exceeded the amount of growth observed in the reference sediment. The remaining test sediments had 
mayfly weights that were comparable to the negative control weight (6.39 mg w.w) or the reference station weight of 8.68 
mg w.w.. Therefore, at a limited number of stations was a doubling or more of the initial starting weight (mean starting 
weight was 5.63 mg w.w.), (a doubling of weight in mayflies is often observed over a three week period) which 
represents above average growth. Station MM-5 had the poorest mayfly growth (a 12% increase), which was similar to 
the negative (Honey Harbour) control, but was lower than in the reference control where mayflies increased in body 
weight by 54%. In fact, sediments from stations MM-5, MM-7 MM-9 and DM-2 all showed lower growth Oian the 
reference control. 

In assessing the growth data, the reference sediment is considered a more suitable control in measuring relative 
differences in mayfly growth. This is due to the similarities in sample collection, handling and storage methods used for 
reference and test sediments, as compared to those used in the collection of the negative control sediment. Mayfly growth 
depends on the quality and quantity of detrital material found in the sediment, since a supplemental diet is not provided 
during the test. The relatively low body weight of 9.3 mg measured for the negative control animals is likely atu-ibuted 
to the extended sediment storage lime (~ 1 2 months) versus the freshly collected reference and test sediments (- 3 weeks). 
Ideally all sediments should be subjected to the same storage durafion since prolonged storage may affect the nutritive 
value of the sediment, thereby affecting organism feeding/growth rates (Boese et al.. 1996). 

3-4.4 Chironomid (Chironomus tentans) 10-dav Lethality and Growth Results 

Results for chironomid growth and lethality are reported in Table 10 and shown on Figures 27 and 28, Chironomid 
control percent mortality was 2.2% and 15.5% for the reference and negative control, respectively. All of the test 
sediments resulted in good survival (Range: 4% to 13% mortality) and were ranked similarly. These values fell within 
the acceptable test criterion of 25% mortality. 

Midge growth varied among the test sediments (ANOVA; p<0.0001'). The best growth occurred for stations MM-2 and 
MM-9, and both showed higher growth than in the other test sediments and the reference control sediments. The 
remainder of the test sediments resulted in growth that ranged between that recorded for the negative control and the 
reference conu-ol. The average weights recorded at these sites were within the range of control weights and do not suggest 
growth impairment. 
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3.4.5 Fathead Minnow (Pimephales promelas) 2 1 -dav Lethality Results 

Juvenile fathead minnow percent mortality data are reported in Table 10. Minnow survival was 97% to 100% in the 
negative control and reference sediments. Mortality at most of the other stations was also in this range with the excq)tion 
of stationsMM-5( 16.6%), MM-7 (33.3%) and DM-3 (100%). Only station DM-3 mortality was statistically significantly 
different from the other stations. A rough estimate of fish wet weight was made on pooled samples on Day-21 . The final 
fresh weights for each batch oftest animals did not differ more than 12% of the negative control weight. "Rie equality 
in nunnow weight across sites suggests the fish were feeding normally and the sediments were not contributing to 
undwlying stress, assuming body weight is an indicator of fish condition. 

3.4.6 Quality Assurance Data 

An evaluation was made on the biological data in order to determine the repeatability of the test results (Table 10). 
Percent coefficient of variation (C. V.) for mayfly and midge growth was 22% and 1 7%, respectively. Despite the higher 
C.V. reported for mayfly mortality (25.6%) and midge mortality (77.9%), the ability to distinguish a significant effect 
among sites remained high. In fact, all five test endpoints were effective in measuring differences among sites (D.P. = 
4 to 9). Overall, Hexagenia appeared to be the most sensitive test species given its ability to identify inypaired sites. 

Each of the lethality responses was effective in detecting differences in lethality among sites. The minimum significant 
difference or MSD is a quantitative measure of test precision which describes the ability to detect a significant effect in 
the paired response between the control versus the test sample. The MSDs were 25%, 15% and 44% for the mayfly, 
midge and minnow assays, respectively. These values did not match those quality standards observed during previous 
OMOE toxicity tests e.g. average MSD = 13% for Hexagenia (n=20), MSD = 20% for Chironomus (n=:21) and MSD 
= 20% for Pimephales (n= 1 5) (D. Bedard, OMOE, unpublished data). The higher detectable significance aileria for the 
mayfly and fathead minnow lethality responses may have compromised the statistical power of the test. This was apparent 
for one site (station MM-5) in the mayfly test and one site in the minnow test in which 40% mortality and 33% mortality 
respectively were deemed insignificant relative to one of the control sediments due to the degree of oror associated with 
the mean. All other non -significant lethality responses were below the acceptable control criteria and not affected by the 
MSD. 



3.4.7 Chemical Bioaccumulation in Pimephales promelas 

The examination of chemical availability to aquafic organisms is valuable for assessing the potential for chemical transfer 
through the food web. The primary objective of this test design is to make genial observations on whole organism tissue 
concentrations as they relate to bulk chemical concenfrations in the sediment and differences in chemical uptake among 
sites. Surviving fathead minnows were submitted for the analysis of uranium in body tissues (all values are based on 
whole-body tissue residues). Values are provided as wet weight and converted using a dry wight to wet weight ratio of 
0. 1 5 in the calculation of biota-sediment accumulation factors or BSAFs. 

The potential sources of inorganic metals to forage fish include direct ingestion of the sediment and uptake from the 
overlying water. Factors that control chemical accumulation by forage fish include those thai affect chemical speciation, 
adsorption and desorption, such as sediment organic content, redox potential, pH, iron and manganese oxides and particle 
size distribution (Luoma, 1983). The presence of sediment sulphide as measured by AVS has also been suggested as an 
important factor in describing the chemical bioavailability of certain divalent trace metals from sediment (Ankley, 1 996). 
Biotic factors affeaing uptake include metabolism and metal specific toxicokinetics (Campbell et al., 1988). 

Table 1 2 reports the uranium tissue concenfrations (wet weight) and associated standard deviations measured in surviving 
juvenile fathead minnows. Whole-organism chemical concenfrations are based on triplicate samples. There were 
significant differences in fish tissue concentrations between the control(s) and test sediments at all stations, and 
significant differences in tissue concenfrations among test sediments as well (One-way ANOVA; p=0.0000l ). Tissue 
concenfrations of uranium at each test exposure were higher than the tissue concentration found at the ref^ence site by 
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at least an order of inagnitude. 

Concentration factors were calculated to assess the relative availability of each trace metal for the test and reference 
sediments. The biota-sediment accumulation factor (BSAF) is defined as the ratio of inorganic chemical concentration 
in the fathead minnow to that in the bulk sediment (Table 9) (Lake et ai, 1990). Each individual replicate that was 
analyzed consisted often individual animals. 

BSAF = C/Q 

where, 

C, = tissue metal contaminant concentration (M-g/g tissue, dry weight) 

C, = sediment metal contaminant concentration (flg/g sediment, dry weight) 

BSAFs were under 0.06 at all stations except BM-6 and exceeded the reference control BSAF of 0.03 at only three 
locations. However, station BM-6 sediment yielded a BSAF of 0.53, which was approximately an order of magnitude 
higher than most of the other stabons. Despite the low degree of nKtal availability as indicated by the BSAF, those sites 
with elevated sediment uranium concentrations, still resulted in substantially higher fish body burdens, relative to the 
reference fish. BSAFs > 1 .0, indicating that the chemical found in the organism surpassed those levels found in the bulk 
sediment, were not found at any of the test locations. 

3.4.8 Spatial Trends in Sediment Toxicity 

The biological and chemical data were synthesized in order to determine the spatial trend in sediment quality for the nine 
sediment samples selected for laboratory toxicity testing (Table 13). The main factors in assessing sediment quality 
include sediment metal concentrations relative to the PSQGs, tissue uranium concenu-ations significantly higher than 
reference and the total numbo" of significant biological responses measured in the bioassays. 

Sediment rankings varied widely according to the frequency and intensity in biological response for the mayfly and 
midge assays. Test sites that were regarded as impacted, due to the differences in biological response between the test 
and reference sediment, were stations DM-3 and BM-6. Station MM-5 may also have been slightly impacted given the 
incidence of low growth of both benthic invertebrates and the increase in mayfly mortality. Severity of effect was high 
for station DM-3 where mayfly and fathead minnow lethality was the highest reported ( 1 00% mortality). Station BM-6 
was also impacted as denoted by increase mayfly mortality, and significant uptake of uranium by the fathead minnows. 



4.0 Discussion 

4.1 Surface Water 

Madawaska Mine 

Tlie May sampling data show that elevated levels of some metals are present in the bottom water samples of Bentley and 
Bow Lake in the spring after the spring turnover. Since turnover typically results in a mixing of the water column, the 
presence of higher concentrations of manganese, strontium, uranium and iron in the bottom water indicates that 
stratification is present in the spring and persists past the tumovw; i.e., thore is incomplete mixing of the water column. 
Two areas in particular stand out; the south basin of Bentley Lake and the east basin of Bow Lake. Both showed strong 
increases in conductivity with depth, coupled with substantial increases in the concenu-ations of some of the metals, in 
particular manganese, iron and strontium and to a lesser extent, uranium and radium-226. These conditions were already 
present during the spring sampfing, became even more pronounced during the summer, when presumably temperature 
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induced stratification was superimposed on the already pre-existing chemical stratification, and persisted into the fall past 
the fall lake turnover. Thus, the data suggest that these basins are more or less f)ermanenUy stratified, with elevated 
bottom water concentrations of metals of concern. 

Lake turnover in the fall results in higher concentrations of metals of concern in the surface water samples, presumably 
due to mixing of bottom waters high in metals with surface waters. The inaease in land runoff that typically occurs in 
the fall due to higher rainfall, could also contribute elevated levels of metals to surface water. Therefore, while the 
concentrations of metals were more evenly distributed throughout the water column after turnover in the fall, the overall 
results was high surface water concentrations both in Bentley and Bow Lakes, as well as downstream. The data suggest 
that losses from the site, via surface runoff and leaching, as well as re- mobilization of metals from sediment (particularly 
during periods of redox change at the sediment surface, see next section) is an on-going process that continues to 
conU-ibute metals such as uranium, strontium, manganese and iron to the lakes in the system. 

Whiledirect dissolved oxygen measurements were not taken, the conductivity measurements, coupled with the analytical 
results for both surface and bottom water indicate that certain basins, such as the south basin of Bentley Lake (MM-2) 
and the east basin of Bow Lake (MM-5) are more or less permanently stratified. The increase in bottom water manganese 
concentrations is similar to observations by Stauffer (1985) on Lata; Mendota (Wisconsin), where manganese levels 
increased in bottom water during low oxygen conditions. Stauffer (1985) suggested that the most likely source of the 
elevated manganese was from release from sediments under the changing redox. Forstner and Wittman ( 198 1 ) note that 
manganese oxides and sulfides are generally more soluble than iron oxides or sulfides. As a result, under redox changes 
these would be released first. Stauffer ( 1 985) also notes that other metals that co-precipitate with the manganese oxides 
are also likely to be released to the water column as the oxides dissolve and sulfides form. 

In Bow Lake, as concentrations build up in the deeper waters in the summer months, due to temperature induced 
stratification, the lake area affected increases. It appears that much of the lake area is mixed during fall turnover, but in 
the deeper basins noted, the mixing is only partial and does not extend to the bottom. Thus, some areas of stratification 
persist past the turnover. Under low oxygen conditions that are expected to persist without full turnover (there is no 
mechanism by which oxygen levels in the deeper water can be replenished except through passive diffusion Irom 
overlying water, which is a very slow process) there can be significant release of metals from bottom sediments, which 
would aid in the increase in bottom water concentrations. The decrease in metals concentrations in surface water samples 
during the surmner suggests that surface runoff is a minor contfibutor, otherwise there should have been an increase in 
surface water concentrations during summer, since the summer of 2000 was a particularly wet summer. Thus, leaching 
and release from bottom sediments could be the major sources of metals to the water column. 

HowevK, additional external sources of metals to Bow Lake also exist and the increase in bottom water concentrations 
of these metals is likely not due solely to internal cycling. The PWQMN sampling data show that concentrations of many 
of the metals of concern increased at stadon MM-4 over levels in Bentley Lake (Figures 15 through 19). Thus, there 
appears to be a source of these metals to Bow Lake from the mine site. 

In Bow Lake, the evidence suggests that the anoxic layer does not disappear entirely. The data suggest the layer is 
reduced in the fall, after turnover, but that there is incomplete mixing. As a result, the lake appears to enter the winter 
season already suatified. Since stratification of lakes under ice is a common occurrence, there is little likelihood that 
further mixing of the deeper layers would occur, and in fact the data fi-om May suggest that the stratification po-sists until 
the spring, when again there appears to be incomplete mixing. The most plausible description of events is that manganese 
oxides (and any co-precipitated metals such as U and Ra-226) from the oxygenated layer precipitate to the bottom (these 
would Ukely originate as free and/or complexed manganese from Bentley Lake and the mine site via Bentley Creek). As 
these settle down through the anoxic layer, the manganese oxides would undergo dissolution, with release of manganese 
and any co-precipitated metals to the bottom water. During die summer and winter months, as the layer of anoxic water 
builds up, there would be more release to the upper layers, which partially mixes in die spring and fall, resulting in higher 
concentrations in the surface waters. While the likely cause of Oiis permanent stratification was the initial influx of metals 
from the mining operation after activities commenced in die 1950's.this now appears to be a self-perpetuating process. 
The metals released to die water column and mixed with the oxygenated surface waters would be free to again form 
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manganese oxide complexes, and begin the cycle over again. However, some of the metals would by now have been 
carried out of this eastern basin and into other parts of Bow Lake, distributing the metals outside of the eastern basin. If 
bottom waters in these areas did not undergo seasonal periods of anoxia, the complexes would likely remain in the 
sediments. Finally, some of the metals released to the surface waters would be flushed out of the lake and down to the 
next series of lakes, where complexation and precipitation would result in the elevated sediment concentrations observed 
at these sites. 

In those lakes where there is complete mixing of the water column during turnover, such as Bentley Lake, in addition 
to external sources of metals, the sediment bound manganese, and any co-precipitated metals, could be released during 
periods of anoxia when the manganese oxides undergo dissolution. Since the bottom waters in the eastern basin of Bow 
Lake appear to be permanenily su"atified, sediment release by this mechanism is not expected to be a major source, since 
under conditions of persistent anoxia, the sediment manganese and other metals are expected to form stable sulfide 
complexes. Only when redox conditions change (i.e., if oxygenated waters were inu^oduced) would there be changes in 
metals complexation with resultant release of metals to the water colimin 

The PWQMN data show that there has been a steady discharge of metals in the water from BenUey and Bow Lakes to 
lakes further downstream, and ultimately to the Crowe River system as well (Figures 1 5 to 19). The PWQMN data also 
show that current levels are significantly below the discharges thai have occurred during the period when the mines were 
active. However, the recent data also demonstrate, that over approx, the last 10 years there has been little or no reduction 
in the levels of metals discharged from Bow Lake. Thus, the processes that have resulted in release of metals to the 
system are still on-going. 

Concentrations of uranium in surface water exceeded the interim PWQO of 5 ug/L at a number of locations. 
Concenu-alions of radium-226 did not exceed the PWQO of 1.0 Bg/L at any of the locations. 

Seasonal trend data from the PWQMN indicate that historically, there is a trend for increasing concentrations of uranium 
at the discharge from Bow Lake from May to November (this parallels the data in this report and suggests that the results 
of the 20(X) sampling are not unusual) (Figure 17). Again, this suggests that fall mixing of the water column contributes 
to elevated levels in the water column which exit the system via the outflow (PWQMN station). 

Elevated levels ofraiJium-226 at MM-4 may be due to runoff/leaching from the tailings area. Levels appear to decrease 
in the spring (April), and may be related to dilution due to spring runoff (Figure 18). Concentrations then appear to 
steadily increase during the summer and early fall (typically the low rainfall months, which translates into lower dilution), 
at which point concenu-ations begin to decrease (likely coinciding with the increase in precipitation in the fall) to a low 
in December (i.e., after freeze-up - this would coincide with the decrease in runoff and also a decrease in flow in Bentley 
Creek due to winter freeze-up). The observed increase in May could be due to runoff/ leaching from the tailings area due 
to spring snow melt carrying additional metals to the receiving water (which may also account for the high metals levels 
in bottom water during the May sampling). 

The seasonal distribuUon of radium-226 in water at station MM-3 indicates that some of the increase in radium-226 
concentrations observed at station MM-4 may be due to higher levels in the creek itself, but that this does not account 
for all of the observed inaease. Since MM-3 is below the discharge from Bentley Lake, the results indicate that an 
increase in radium-226 concentrations docs occur in BenUey Lake during the summer months. 

Seasonal changes in Bow Lake, as measured at the discharge at Hwy 28. showed a less pronounced fluctuation, but did 
show consistently higher levels than at the upsueam stations, except during the summer months (Figures 1 7 and 1 8). The 
increase in concenuations at station MM-4 during June to Sept, is not reflected in surface water concentrations at MM- 
7/8. However, the increase in radium-226 concentrations in bottom water samples from Bow Lake suggests that part of 
this additional inflow from upsu-eam may end up in the deeper sections of the lake basin, to be released only when the 
lake undergoes turnover in the fall. The higher concenu-ation in surface water in November may result from mixing of 
surface water with bottom water (concentfations in boUom water samples in Nov. 2(XX) were similar to surface water, 
and lower than in either May or August). This is also reflected in the higher concenu-ations at the lake outlet (MM 7/8), 
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than upstream (which suggests more radium is leaving the lake during certain periods of the year, than is entering the 
lake via Bentley Creek) (Figure 18), further suggesting there is a reservoir of radium-226 held in the lake, or there are 
otho- significant sources, such as seepage or groundwater transport. 

Seasonal changes in uranium concentrations showed only a slight increase below the discharge from Bentley Lake, 
indicating there is only a slight increase during the summer months and into the fall (Figure 17). A much larger increase 
was observed at siaUon MM-4, which shows a peak in the summ^ months and during the fall and a low in March, the 
latter likely a reflection of winter freeze-up conditions. ConcenUations were much higher in Bow Lake at the lake outlet. 
with a su-ong increase in early spring (May) and consistently high levels unUl late fall G^ov.- Dec) when a small increase 
(likely due to fall turnover) was noted. As with radium-226 concenuations, the results indicate that tho-e is a substantial 
reservoir of uranium in Bow Lake or that tha-e are other significant sources aside from Bentley Creek that would account 
for more uranium leaving the lake than is entering via Bentley Creek. 

The distributions of both radium and uranium suggest that mixing of bottom water contributed to elevated levels in Bow 
Lake during the late fall, while the increase in the spring from low levels in the winter months could be due to a 
combination of spring runoff, other sources such as seepage, and lake turnover in the spring. 

The increase in manganese concentrations in bouom water during the sununer months suggests a possible explanation 
for the pattern of manganese distribution as determined trom the PWQMN data. Since manganese concentrations in Bow 
Lake showed little or no increase over the summer, despite increasingly higher concenu-ations in Bentley Creek, and in 
fact concentrations decreased over the summer as compared to the spring, it is possible that much of the manganese 
contributed via Bentley Creek has gone to fuel the substantial increase in manganese concentrations in the bottom water 
(up to 1 1 ,300 ppm during August, 2000). The increase in manganese concenuation in Bow Lake in November coincide 
with the decrease in bottom water concentrations of manganese observed during this study, and suggests that much of 
the manganese contributed via Bentley Creek is held in the bottom water until the fall turnover. 

Dyno Mine 

Surface water concentrations indicated that the compounds of concern in Farre! Lake were manganese and iron and to 
a lesser extent, strontium and uranium. While concentrations of all four were elevated above levels at the background 
site (Brough Lake), concentrations even in bouom water samples were substantially lower than in Bentley Lake or Bow 
Lake samples. While both iron and manganese concentrations were 2-3 times higher in bottom water samples at station 
DM-3 in both May and August, concentrations in November samples were similar to surface water. Thus, it appears that 
complete mixing of the wata column does occur at least in the fall, and suggests that the spring turnover may be less 
effective in ensuring complete mixing of the water colunui. While concenuations of both manganese and iron wctc 
similar in both surface and bouom water samples in November, overall the concentrations were much higher in 
November samples. There are two possible sources of the inaeased manganese and iron: increased runoff from the mine 
tailings areas and; potential release from sediments during periods of suatification where changes In redox conditions 
can result in liberation of bound metals from the sediments. 

While there was a slight increase in uranium concentrations in November samples, and also in bottom water samples in 
both May and August, levels did not exceed the interim PWCK) in any of the samples. Thus, while it appears there is a 
small flux of uranium, or possibly additional uranium that is carried in during increased flows during the fall (due to 
increases in precipitation), these levels do not appear to be of concern. 

Strontium concenu-ations were also elevated in bottom water samples in May and August from Farrel Lake but 
concentrations were well below the levels recorded in the bottom waters of Bow Lake. Radiiun-226 concentfations wctc 
elevated in bottom water samples in May (highest of any of the sites) and also in August. However, none of the samples 
exceeded the PWQO of 1 BgA-. 

In comparison to Bow Lake. Farrel Lake showed a similar pattern of metal mobility and flux, but with iron as the primary 
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metal rather than manganese. The inaease in iron concentrations in Farrel Lake bottom waters suggests external sources, 
rather than internal cycling from the sediments. As noted earlier, manganese oxides and sulfides are less stable than iron 
oxides or sulfides. As such, if the iron in the bottom water was primarily due to release from sediments, a similar inaease 
in manganese levels in bottom water samples would be expected. The same mechanisms that apply in Bow Lake are also 
likely acting in this area. The process can be described simply as an influx of iron-rich waters from the tailings area, 
which in the oxygenated surface waters forms oxides and hydroxide complexes. As these settle into the anoxic deeper 
waters, the oxides undergo dissolution, releasing iron to the water column (as well as any metals co-precipitated with 
the iron-oxides). During the spring and fall mrnovers. oxygenated waters appear to mix the entire depth of the lake, with 
the result that iron and other metals will form oxide/hydroxide complexes (among others, such as carbon) in the 
sediments. As conditions become anoxic during the summer months, the oxides undergo dissolution, and iron and other 
metals are released to the water as iron and other sulfides form. When the lake turns over again, the bottom water is 
mixed with the surface water. At the same time, oxygenated water reaches to the deeper basin sediments. As a result, 
iron and other metal sulfides thai formed in the surface layers of the sediment, would undergo dissolution, prior to the 
re-forming of oxides. During this phase, metals could again be released to the overlying water. 

Bicrofl Mine 

While concentrations of some metals were elevated below the Bicroft site, in parficular, in the small tributary that drains 
Pond A, as well as in Deer Creek, near the mouth, concentrations in the first receiving water body, which was Inlet Bay 
of Paudash Lake, were generally low. There was no apparent summer increase in bottom water samples over 
concentrations in surface water samples except for a slight increase in manganese concentrations, but overall, levels in 
Inlet Bay for manganese were at or below background levels. 

Uranium levels below the Pond A discharge were elevated above background levels, and also exceeded the interim 
PWQ() of 5 ug/L it IS interesfing to note that levels in this tributary were higher than in the tailings pond (BM-2), but 
were much lower than surface water concentrations in Bentley Lake and Bow Lake. The data suggest that discharge from 
Pond A, rather than the tailings pond ("Auger Lake"), conu-ibutes elevated uranium levels to the system. 

The sampling program also identified the discharge from Pond A as a source of radium-226 to the system, though none 
of the concenlraUons recorded, even in the tailings disposal area, exceeded the PWQO of 1 Bq/L. 

Overall, concenu-ations in off-site receiving waters of all four metals were lower than at the othCT sites. Concentrations 
of radium-226 were also lower than at the other mine sites, but since none of the sites exceeded the PWQO, this was not 
a concern. 

However, additional studies (R. Bradley MNDM. Pers. Comm) have noted that a significant amoimt of water from the 
site drams to a weUand area to the east of the Bicroft mill site. This wetland area drains directly to Inlet Bay, and high 
concentrafions of uranium have been noted in this area in the past. Investigative work is continuing on this site 
(R.Bradley. Pers. Comm). 

Analysis of PWQMN data, while incomplete, suggest peaks in uranium discharge occur during the summer and fall 
months (Figure 17). which coincides with the increased uranium recorded in the water column during the August 2000 
sampling. Uranium concentrations in the water colunm exceeded the Interim Provincial Water Quality Objectives 
(IPWCX)) of 5 ug/L during both the August and November sampling at BM-4 and during the August sampling at station 
BM-6. 



4.2 Sediment 

While sediment sampling during this study was undertaken to a depth of 30 cm in most locations, there is no certainty 
as to the actual period in lime to which this sediment profile corresponds. Vanderpost (1972) estimated sediment 
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accumulation in Lake Ontario to be up to 2 mm/year, while Durham and Oliver (1983) esUmated sedimentation rate at 
the western end of Lake Ontario to be up to 3 mm/year. Mudroch and Capobianco (1980) calculated the sedimentation 
rate in Moira Lake, a small Shield lake also located downstream of a mining area, as 2.36 mm/year. Comett el al. ( 1 992) 
estimated that accumulation rates in Moira Lake ranged between 1 .5 nmi/yr and 3.2 mm/yr. Cook and Johnson (1974) 
estimated a rate of up to 5 mm per year in the Bay of Quinte. Given these estimates, a sedimentation rate of 2 to 
3mm/year would not be unreasonable in lakes in the Bancroft area. Based on an estimate of 3 mm/year (assuming a 
constant sedimentation rate), sediments in the 0-10 cm section would correspond approximately with the period from 
1967-1999, in the 10-20 cm secUon with the period from 1934 to 1967, and in the 20-30 cm section from 1901 to 1934 
(it should be emphasized that these dates are only estimates). Since mining activities began in this area around the mid- 
1950's, these estimates suggest that sampling in most locations occurred down to sediment sn-aia that pre-date mining 
activities. 

It should be noted that the above estimates apply only to the lakes in the system. The dynamic nature of sfream 
environments, particularly their susceptibility to periodic CTOSion events that can mobilize substantial quantities of 
sediment (typically caused by unusually high rainfall or snowmeli conditions), precludes the estimation of reasonably 
reliable sedimentation rates in streams. 



Madawaska Mine 

The results of the sediment sampling indicate that loss of uranium from the site has occurred to both Bentley Lake and 
Bow Lake. Both lakes had sediment concenu-ations of uranium that ranged well above levels in backgroundlakes (Figure 
21). Measured concentrations of uranium exceeded the Saskatchewan Severe Effect Level (SEL) of 2 Ippm (Kurias et 
al, 2000) from all of the mine sites, with the exception of site MM-10. Bentley Lake sediments, while lower in uranium 
than sediments at the east end of Bow Lake, generally had higher concentrations in the surface sediments as compared 
to the subsurface. This pattern suggests that accumulation of uranium in Bentley Lake sediments is of more recent origin, 
and, as indicated by the elevated levels in the water column, is likely on-going. Soiiment concentrations were also higher 
closer to the mine site (station MM-2), than in the north basin of the lake (station MM-1). 

While sediment concenu-ations were lower in Bentley Creek near the discharge from Bentley Lake (station MM-3), 
surficial sediment concentrations just upstream from Bow Lake (station MM -4) were approximately 5 times higher, and 
suggest that the tailings area adjacent to the creek may be a source of uranium to Bentley Creek. The high concenfrations 
in the surface sediments (153 ppm) as compared to the subsurface (121 ppm), suggests that here as well, the losses are 
on-going. This is further supported by the water quality results, which show elevated levels at station MM-4 compared 
to MM-3. The historical data from the PWQMN also indicate that these losses have been continuing for many years, 
though concentraUons in the water column in more recent years has been much lower than in the 1970"s (Figure 15). 

TTie surficial sediment concentrations at the east end of Bow Lake (station MM-5) were similar to surficial concentrations 
in Bentley Lake (station MM-2Xbolh were at 239 ppm), but subsurface concentrations were much higher, ranging up 
to 462 ppm in the 10-20 cm section; which was the only location where concentrations exceeded the SEL of 390pg/g 
developed for lakes in Saskatchewan (Kurias et al, 2000). This section would correspond roughly with the time period 
1934- 1 967, and would encompass the initial period of operation from the mid-1 950's to 1 964. The bottom section (20-30 
cm) also showed elevated levels compared to concentraUons in background lakes, and there are numbo- of possible 
explanations for these higher concenu-aUons. It is possible that even before mining activities commenced, there may have 
been some accumulation of uranium in Bendey Lake sediments, likely from natural weathering of rock in this area. 
Alternatively, there may have been periods where significant sediment mixing has occurred, which could have integrated 
surface material into the subsurface. Finally, the estimate of time period for each section is based on values derived from 
other areas. Sediment accumulation rates may have been greater than the 3mm/year estimated, and therefore the time 
period defined by each 10 cm section would be much shorter. For example, if sediment accumulated at a rate of 5 
mm/year, the time period defined by each section would be 20 years, and the bottom section would correspond to the 
lime period 1940-1960, which would include the early years of mining activity. 
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While the influence of external sources via Bentley Creek have already been noted, the reservoir of contaminated 
sediments in Bow Lake and Bentley Lake could also act as a source of metals contamination to the water column and 
be a significant factor in the re- mobilization of metals from the sediments. While the data suggest that the deepest part 
of the eastern basin of Bow Lake is permanently stratified due to high metals concentrations (while oxygen measurements 
were not taken the presence of black sediment, characteristic of the presence of iron sulfides, and the high conductivity 
strongly suggest anoxia during the period of sampling), there are other areas of the lake that would be subject to periodic 
changes in redox as the chemocline rises in the summer months. During this period, shallower areas around the periphery 
of the deeper basins would go anoxic, with resultant changes in meials release. As such, parts of the deep basin of Bow 
Lake, and also the deeper parts of Bentley Lake (under the summer thermocline/ chemocline) would e;q)erience periodic 
redox changes during lake turnover, with resultant metals release at each phase. 

A number of potential routes could contribute uranium to Bow Lake and would include losses via overland flow from 
the mine site that could carry both dissolved metals and those attached to particulates, seepage directly to the lake through 
groundwater movement, and both dissolved and particulate-bound uranium carried in via BenUey Creek. 

While theelevated levels of metals in surface sediments of both Bow Lake and BenUey Lake may suggest ongoing losses, 
these elevated levels are also likely related to the mine reopening in the 1970*s. 

The elevated levels of uranium at other stations in Bow Lake (stations MM-6 and to a lesser degree, MM-7) show that 
contamination has spread out across the lake. Sinceparticulate-bound metals would be expected to settle to the sediments 
close to thesource,afate that would be aided by the presence of the sill separating the east basin from the rest of Bow 
Lake, the broad distribution suggests that at least part of the losses in the past have been through dissolved metals, either 
through losses from the site or reflux from the sediments, that have combined with particles and settled out over time. 
The higher levels in the small lakes further downstream (stations MM-8 and MM-9), suggest this as the primary 
mechanism by which uranium has been distributed away from the site (though the possibility of some resuspension and 
downstream fransporl of fine particulates from Bow Lake sediments cannot be discounted). 

The low levels downstream in Bentley Creek (station MM- 1 0) suggest that these lakes have trapped most of the metals, 
and what has not been held back by these lakes has likely been carried far downstream (the Crowe River system) and 
diluted to the point where it is no longer detectable. 

The small lake at MM-9 has clearly been trapping suspended/dissolved metals for some time, given the depth of 
contamination. Concenu-ations in both the surface and subsurface sediment of this lake were higher than either the next 
upstream lake (station MM-8) or the west end of Bow Lake (station MM-7), and suggest that there has been considerable 
downstream n-ansporl, either in the dissolved state, or bound to fine particulates (i.e., those that could remain suspended 
in the water column). 



Other metals 

The increases in uranium concentrations noted in sediments of Bentley Lake and Bow Lake are paralleled by increases 
in manganese and strontium. As noted for uranium in Bentley Lake, the surface layers yielded the highest concentrations 
of these metals, and similarly suggest that most of the accumulation has occurred in the last 20-30 years. All four metals 
also increased at station MM-4 as compared to MM-3 and suggest that losses of these metals is occurring to Bentley 
Creek adjacent to the mine site. 

Sediment at the east end of Bow Lake (MM-5 ) again showed that the middle layer ( 1 0-20 cm section) was the highest 

for strontium, while surface sediments had thehighestconcentrationsof manganese and iron. The data suggestth at losses 
of manganese and iron have been higher since the initial shutdown of the plant in 1 964 (and are still on-going as indicated 
by the water quality data), while strontium seems to coincide with the period of initial operation. There are 2 possible 
reasons for the higher manganese and iron concentrations in the 0- 1 cm section; more manganese and iron were released 
during the period when the plant reopened in the 1 970's,or, there has been a greater loss of manganese and iron after the 
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plant closed due to surface runoff or leaching. However, the high levels of iron and manganese in the sediments would 
also serve to limit the availability of other metals such as U and strontium since iron and manganese hydroxides have 
been identified as the major scavengers of other metals under oxic conditions, and would bind many of these metals. This 
may also account for the lack of effects in sediment bioassay testing at station MM-5, despite the elevated levels of both 
uranium and radium-226. 

TTie indication that anoxic conditions occur periodically (i.e., the high conductivity in the bottom water) suggests that 
at certain limes, there may be releases of metals as redox conditions change from oxic to anoxic, and may partially 
account fo the elevated concentrations of some metals in the bottom water. While leaching of manganese from adjacent 
surface areas is likely an ongoing process, release of manganese and iron as conditions at the bottom become anoxic 
would also conuibule to higher concenu-adons in die bottom water. However, the relatively low concentrations of 
manganese in sediments at station MM-5 would be unlikely to fuel die entire increase in manganese that has been 
observed during the 3 sampling pmods, which strongly suggests there has to be outside source(s) of manganese to die 
system. 

It is notewordiy that water concentrations of manganese in August at station MM-5 increased 940 times over levels at 
background siaUons, but increased in sediments only 3-times over background. The bottom water concentration of 
manganese was 1 1 .3 ppm, while sediment concentration was 1 100 ppm, and while the increase in bottom water 
concentrations could be due to release from sediments as conditions become anoxic, the concentradon of manganese in 
bottom water in Bentley Lake (station MM-2) was much Iowct, despite higher sediment concentrations at this station 
(1800 ppm vs. 1 300 at stadon MM-5). Therefore, while sediment manganese may be released to die water column at 
certain times of the year, Uiis does not appear to be the major source of manganese to the bottom water. 

Radionuclides 

Concentrations of radium-226 in sediments were highest in Bow Lake (station MM-5), and unlike most of the other 
metals (including U-238), were highest in the surficial sediment layer (Figure 25). This pattern suggests diat the bulk of 
the accumulation has occurred primarily in the last 30 years, though levels in the 10-20 cm section suggest there was 
significant contribution during the first years of die mill operation. Levels in BenUey Lake were relatively low, and this 
area does not appear to have been a major repository of radionuclides from the site. Most of the material appears to have 
traveled down to Bow lake eidia- Uirough discharge to BenUey Creek, or through seepage or overland runoff from the 
site. 

Sediment concentrations of radium-226 at many of die sites in Bow Lake exceeded the Saskatchewan sediment SEL (0.6 
Bq/g), and levels increased 400 times over background at station MM-5, water concentradons at die bottom increased 
only 1 2 times over background. These results further suggest diat the anoxic conditions in die bottom of the eastern basin, 
as indicated by die conductivity and metals concentration changes widi depth, are not temporary, but permanent. The 
formadon of stable metal-sulfide complexes would not be expected to favour the release of significant quantides of 
metals from the sediments. 

While sediment concentradons of uranitmi increased 18 dmes over background, water concentrations in August 
increased 196-fold over background. While some of Uiis could be due to release from sediment during dissoluUon of 
manganese/iron hydroxides and metal-sul fides during redox changes, it is likely that odier sources, such as Bendey 
Creek, and seepage and overland flow from die mine site have also conuibuted to elevated levels in the sediments. The 
PWQMN data show Uiat Uiere is continual input of uranium and odier meuls occurring between the upsfream and 
downsfream locations along Bendey Creek that would serve to feed and perpetuate ttiis cycling. 

Dyno Mine 

Field observations indicate diat a substantial amount of tailings have been deposited in Parrel Lake, particularly off the 
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mouth of Farrel Creek. The deposition of tailings material in this area appears to be significant. While the core penetrated 
to 40 cm. the upper 20 cm of the core appears to be comprised primarily of tailings (Table I ). while the deeper section 
appeared to be a mix of tailings material and clay. This would account for the high concentrations of radioactive elements 
(Ra-226 and U-238) and uranium in these samples. 

Elevated levels of the metals of concern (iron, manganese, strontium and uranium) and radionuclides were also noted 
in the 0-10 cm section at station DM-3, in the deep basin of Farrel Lake, with concentrations of manganese, uranium, 
cadmium and copper exceeding the Provincial Sediment Quality Guidelines (PSQG) Lower Effect Level (LEL) and the 
PSQG SEL for iron at these sites . Concentrations of iron, manganese and suontium were higher here than al station DM- 
2. The pattern of distribution suggests that those elements present in the tailings (U and Ra)and likely entering the lake 
bound to tailings are not as mobile as those thai would likely be entering the lake via seepage or leaching (Fe, manganese 
and strontium). A slight elevation of metals concentrations in bottom waters of the deep basin (station DM-3) during May 
and a much more pronounced inaease in August (particularly in manganese concentration), suggest that the deep basin 
does undergo periods of low oxygen conditions (this is further suggested by the increase in conductivity in the bottom 
waters, and the black colour of the sediments, which is characteristic of the presence of iron sulfides- iron concentrations 
were very high in these sediments). During these periods, there could be release of metals from the sediment to the 
overlying water as those metals complexes that are redox sensitive respond to the changing conditions. 

The elevated levels of uranium and lead exceeded the LELs (2lppm and 31ppm respectively)in the sediments of the 
beaver pond adjacent to Farrel Lake (DM-4) show that some of the metals have been uansported out of Farrel Lake. Two 
mechanisms could account for this. Both dissolved and complexed metals could be uansported from the tailings area via 
the upper end of Farrel Creek to Farrel Lake. These could either stay in suspension, to be carried out of the lake and into 
the adjacent beaver pond or, they could form precipitates and settle to the sediments, to be physically re-suspended during 
turnover or during periods of high wind/wave action and transported out, or they could be released from the sediments 
during periods of low oxygen conditions in the bottom water. 

The relatively high surface concentrations of uranium in the pond sediments suggest input from extranal sources, such 
as Farrel Lake, is an on-going process. Concentrations in the pond were higher than in sediment at DM-2 that had visibly 
high concentrations of tailings material, and the pond appears to be a sink for many of the metals of concern, since levels 
in sediment at downstream stations were typically much lower. The small area of the beaver pond, and hence its relative 
quiescence could serve to reduce the potential for sediment re-suspension. In addition, the shallow water depth (<1 m) 
would serve to prevent the formation of anoxic conditions at the sediment -water interface that would favour the release 
of metals from sediments. Data for radionuclides suggest most is being held in sediments of Farrel Lake, since levels in 
the beaver pond were much lower. This may suggest that the elevated levels of uranium in the beaver pond sediments 
are primarily due to dissolved and suspended forms of U in the water column, discharged from Farrel Lake, rather than 
release from sediments. 

In fact, for uranium, the highest sediment concentrations were recorded at station DM-4 (beaver pond) with subsurface 
concenu-alions (290 ppm) higher than surface (212 ppm). 

The rapid decline in sediment metals indicates a relatively low amount has moved down Farrel Creek to Eels Lake. While 
levels in Eels lake for uranium were at or below background levels, Ra-226 levels exceed the Saskatchewan sediment 
SEL in Farrel Lake and at the sites immediately down sueam of the lake, which suggests there may have been some loss 
and transport to Eels Lake. Concenu-ations of all other metals in Eels Lake sediments were similar to background levels 
(arsenic levels in sediment, as well as a number of other metals increase substantially in the southern end of Eels Lake, 
but these appear to be unrelated to the Dyno Mine site). 

Despite increases in manganese in bottom water, there was little change in sediment concentrations of manganese as 
compared to conu^ols or downstream stations. The higher concentrations of some metals in the southern end ofEels Lake 
suggest a source other than the Dyno Mine site. 
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Bicrofi Mine 

Background concentrations of most metals were lower in Centre Lake than any of the other two background locations. 

Sediment uranium, radium-226 and manganese increased slightly at BM-1, adjacent to the tailings dam at the north end 
of Auger Lake. The presence of higher concentrations in the sediments suggests there has been some movement (possibly 
seepage) from the tailings areas to Centre Lake. Since the increase is most apparent in the 0-10 cm section, and 
secondarily in the 1 0-20 cm section, this appears to coincide with the period of operation of this site. Early m^s of the 
area show a small creek from the tailings area to the south west end of Centre Lake (the tailings area did not appear to 
reach H wy 121), some of this may be due to losses prior to filling of the containment area. However, the higher surface 
concentrations suggest most of the loss has been in the last 30 years or so, which would have been after the site was 
closed. Levels of radium-226 and uranium exceed the SEL and T Fi (respectively) at this site. 

While station BM-2 was in the tailings disposal area and therefore was not of direct concern to this study, the 
concentrations of uranium and radium-226 do provide a usefti! reference point. In particular, the results show that 
sediments at some locations not on the mine sites had higher sediment concentrations of radium-226 and uranium than 
did the tailings themselves. 

While sediments below the Pond A discharge (station BM-4) were elevated in uranium (exceed the LEL), radium-226 
and manganese (exceed SELs), the most significant increases in uranium were observed at the mouth of Deer Creek at 
Inlet Bay (station BM-6) and in Inlet Bay itself (BM-7). Uranium concentrations at the mouth of E>eer Creek were 346 
ppm and in Inlet Bay. up to 134 ppm in surficial sediments. Radium-226 was highest at BM-7 in Inlet Bay. By 
comparison, uranium concentrations in the tailings area rang&l up to 63 ppm, while radium-226 concentrations were 
similar to levels in Inlet Bay (i.e., 14 Bq/g at both sampling sites). Both sediment sampling, and water quality data clearly 
indicate that there has been loss of uranium and radium-226 from the site and that these have accumulated in the 
sediments of Deer Creek, as well as in the deeper basin sediments of Inlet Bay. The sediment record indicates that the 
increase in uranium and radium~226 concentrations in Inlet Bay coincides with the startup and operation of the Bicrofi 
Mine in the mid- 1950' s. Water quality data show that the site still contributes uranium and radium-226 to Inlet Bay. 

UnlilK; other sites, which had bodies of wato' adjacent to the mine sites, or immediately downstream, the first significant 
deposiUonal area below the Bicrofi site is Inlet Bay. Inlet Bay itself is a deep basin more or less cut off from the rest of 
Paudash Lake by a narrow passage at the south end of the lake. As such, there would be little potential for movement 
of sediment out of Inlet Bay. The distribution of uranium and radium-226 at other station in Paudash Lake however, does 
indicate that some metal transport out of Inlet Bay has occiured, likely as dissolved metals. For example, concentrations 
of uranium and Ra-226 in smficial sediments in Lower Paudash Lake (stations BM-10 and BM-11) are higher than 
background and also higha than in subsurface sediments, and suggest a relatively recent dispersal of uranium and 
radium-226. 

Bottom water concentrations of metals (principally manganese, iron and uranium), as well as the conductivity profiling 
conducted in Inlet Bay suggests that the sediments are not a significant source of metals back to the water column. The 
data suggest that Inlet Bay does not experience the same conditions of anoxia (while a definite tho-mocline existed at 
station BM-7 in August, conductivities remained unchanged from the surface to the bottom), and as such, the conditions 
would not be favourable for significant release of metals form sediments. The sediment and wata- data suggest that while 
sediments are a reservoir for metals, and in particular uranium and radium-226 (which exceeds the sediment SELs at 
some sites. Table 4), they are cunently acting as a sink with little release back to the water column. Since the size of Inlet 
Bay is much larger than the eastern basin of Bow Lalu:, there is considerably more potential for complete mixing of the 
water column (i.e., greater fetch) during spring and fall turnover, than in the small confined eastern basin of Bow Lake. 
TheprocessdescribedforprecipitationofmetalsinBowLakesediments would also by applicable to Inlet Bay. Metals 
entering the Bay as free ions would tend to co-precipitate with iron and manganese oxides/hydroxides, as these form in 
the water column. The scavenged metals would be deposited in the sediment, and over time would be buried by new 
material. With stable bottom condiUons (i.e.. no seasonal changes in redox) the metals - complexes would tend to be 
stable, with little release of free ions at the sediment-water interface. 
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4.3 Benthic Community Structure 

While laboratory sediment bioassays can be useful in assessing ttie impacts of contaminants in sediment on benlhic 
organisms, these suffer from a number of limitations. In particular, sediment bioassays alter the natural characteristics 
of the sediment, which can result in enhanced release of some contaminants under the test conditions. Benthic community 
analysis can be valuable in overcoming some of these limitations, in particular in determining if there are impacts on 
benthic organisms under natural, undisturbed conditions. For practical purposes, benthic community analysis can be 
considered as a long-term in-situ bioassay that considers chronic effects endpoints. Those factors that can affect benthic 
organism distributions over many generations (i.e., sublethal effects) would, over the long term, result in the gradual 
reducUon and eventual elimination of the suscepUble groups. As such, long-term toxic effects can often be inferred from 
the presence of some species, or more significantly, the absence of other species that are typically present in similar 
habitats in unimpacted areas. 

However, benthic community assessment suffers from its own limitations. Since benthic organisms can be affected by 
both the water coluimi and the sediment environment, it is often difficult to determine the causative agent . As well, where 
a number of compounds co-occur in sediment or water, it is not possible to attribute a response in the benlhic community 
to any one contaminant (i.e., it is very difficult to determine specific cause-effect relafionships). Finally, while the 
response of benlhic communities to severe contamination is usually readily apparent, lower levels of contamination may 
result in more subtle effects. Since the habitat characteristics, such as particle size, water depth, temperamre, oxygen 
concentrations, as well as a nimiber of other variables, can also affect benthic organism distribution, it is often difficult 
to separate out the subUc effects of low levels of coniaminants from those of natural habitat characteristics. Thus, while 
benthic community analysis can often determine that an effect is present, it cannot readily quantify this effect, and also 
cannot determine specific cause-effect relationships between benlhic organisms and contaminant concentrations. 

Benlhic communiUes in the background lakes (Siddon Lake, station MM-LC; CenU-e Lake, station BM-LC and Brough 
Lake, station DM-LC) are typical of those in deep, oligotrophic shield lakes. Saether ( 1 975) noted that a number of 
chironomid species typically comprised the communities of various types of lakes, from oligoirophic to eutrophic. and 
developed a typology of lakes based on these communities. The backgroimd lakes in this study typically fit the 
Tanytarsus-StictochiwnomuS'ly^c lakes, which were characterized by Saether (1975) as moderately oligoirophic lo 
mesotrophic. 



Madawaska Mine 

Siddon Lake (station MM-LC), the background lake for this site, based on its chironomid fauna fits into the above noted 
lake classification. Tanytarsus and secondarily, Slictochironomus, comprised the largest component of the chironomid 
fauna, though both Chironomus and Procladius were also present and suggest this lake is oligotrophic- mesotrophic. A 
sizable oligochaete community also existed within Siddon Lake, characterized by the presence of Limnodrilus 
hoffmeisteri. 

BenUey Lake (stations MM-1 and MM-2) differed from the conu-ol in the absence of the oligochaete community and the 
reduction of the chironomid community lo those species known to be tolerant of low oxygen concentrations (i.e., 
Chironomus, and Tanypus). While the reduction of the chironomid community can be explained by low oxygen levels 
in the sediment, the absence of the oligochaete community cannot. Most oligochaetes common in deeper lakes, and in 
particular, those also found in organically enriched areas, such as L hoffmeisteri, can often withstand prolonged periods 
of low oxygen. If oxygen reduction were the only effect in these lakes, a reduction or elimination of the oligochaete 
community would not be expected. The absence of oligochaetes therefore, suggests that there may be other factors, such 
as contaminant effects. However, correlaUon analysis of benthic taxa with water and sediment chemical parameters did 
not yield any significant correlations for any of the benthic groups, and suggests that contaminant effects, if present, are 
too subtle lo be clearly delineated. 
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Despite a slight reduction in benthic diversity at station MM-4, thebenthic fauna at this staQon showed litUe change from 
that at MM-3, and suggests that the higher metals levels noted in the runoff in earlier sections of this report are not having 
a measurable impact on the benthic community. 

The benthic commimity at station MM-5, in the east basin of Bow Lake, was similar to those in Bentley Lake and suggest 
similar impacts, namely, low oxygen concentrations which have reduced the chironomid fauna to one of a few species 
tolerant of these conditions. As in Bentley Lake, the reduction of the oligochaete community, which would not be 
particularly susceptible to low oxygen levels, suggests there may be an impact from sediment metals on these organisms, 
but again, the effect cannot be attributed to any specific metals in either the sediments or bottom water. While 
oUgochaeles are typically considered as organisms tolerant of "pollution", they are often more susceptible to the effects 
of contaminants than some of the other benthic organisms due to their feeding habits. Since oligochaetes feed by 
ingesting sediment, they are often directly exposed to contaminants in sediment. As such, they miay suffer adverse effects 
before other organisms that feed above the sediment surface, such as mayflies. 

While the chironomid communities at stations MM-6 and MM-7 , in the central and western sections of Bow Lake had 
reductions in density and diversity similar to the changes noted at station MM-5, the oligochaetecommuniiy. particularly 
at station MM-6, appeared to have recovered. The presence of the oligochaete community suggests that other areas of 
Bow Lake would support similar communities, and suggests the severe reduction at station MM-5 is likely due to outside 
influences and not natural conditions within the lake. The appearance of the sphaeriid community at both stations MM-6 
and MM-7 further suggests that the absence of this community at station MM-5 could also be related to conditions in 
the water or sediment. 

While the absence of oligochaetes at station MM-8 may suggest impacts in this small lake as well, the presence of 
mayflies (Caenis), and the sphaeriid clams, indicates a high level of organic matter, and possible oxygen stress. However, 
concentrations of a number of metals remained high at this station, and the reduction in the benthic community, and in 
particular the oligochaete community, may be related to contaminant concentrations in the sediments, though there is 
no strong evidence of this. 

Tlie more div^se benthic community at station MM-9, and in particular, the presence of a number of groups absent 
upstream, suggests there are no detectable impacts on the benthic community at this location. However, contaminant 
concentrations were as high or higher at this station than at station MM-8, and suggest that the reduced benthic 
community at MM-8 is not related to sediment contaminants. 

Samples from downstream communities (stations MM-IO and MM-12) consisted of diverse benthic communities, 
comprised of a variety of organisms typical of both flowing and standing waters (both sites, while in flowing water, were 
acnially sampled in relatively quiescent pools). There were no detectable changes in the benthic coimnunities at either 
of these stations, and no ajqiarenl impacts that could be attributed to contaminant concentrations. 



Dyno Mine 

As noted above, the background lake for this site (Brough Lake, station DM-LC) was typical of the oligou-ophic/ 
mesotrophic lakes in this area. The fauna was restricted primarily to the chironomid community, which was strongly 
rqDresented by the genera Stictochironomus and Tanytarsus. 

Station DM-1 was similar to the stream control and suggests no impacts from the mine site in this area. 

The fauna at station DM-2, in the north end of Farrel Lake, was also relatively diverse, particularly in term of the variety 
of chironomid species, as well as the presence of a number of insect species (the most notable of which was the 
burrowing mayfly Hexagenia), as well as oligochaetes and sphaeriids. Therefore, despite the presence of tailings matraial 
in the sediments, and the elevated metals concentrations in the sediments, there is no apparent effect on the benthic 
conmiunity. 
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The severe reduction in the benthic community at station DM-3, and the dominance of the chaoborids suggests both 
periods of reduced oxygen, as well as potential contaminant effects. Chaoborids are not Uiie benlhic organisms, but rather 
are water column inhabitants. Since they can drift vertically in the water column (usually on a diunial basis), they can 
avoid unfavourable environments, such as anoxic waters. Their presence, and the reduction of the benthic fauna to a few 
species of chironomids known to be able to tolerate low oxygen concentrations, suggests that the primary impact on the 
benthic community at this site is oxygen depletion at the bouom. The dramatic change in the benthic community due to 
low oxygen levels, however, would mask any contaminant effects, and the presence of at least a few species of 
chironomids suggests that the sediments are not toxic. However, the absence of the oligochaetecommunity again suggests 
that additional effects, due to elevated metals levels in the sediments or bottom waters, may also be present. 

However, die low diversity of organisms at station DM-4, is not as readily interpreted. While this was a relatively shallow 
pond, the reduction of the benthic community to primarily the chironomid community suggests there may be other 
factors. Other, similar ponds within the study area had much more diverse faunas, and suggests that either contaminant 
effects (many metals were higherin this pond than in Farrel Lake), or. the physical characteristics of the pond are limiting 
the benthic community. Since levels of most contaminants were lower in the sediments than at some of the odier sites 
where no direct impacts could be detected, the high organic matter content of these sediments may itself be limiting. This 
may result in an oxygen stress within the sediments, Uiat would limit the fauna to those species able to withstand Iowa- 
oxygen levels, such as the oligochaetes and chhonomids that were present. 

The pond at station DM-5. as well as station DM-6 were both in slowly flowing waters, and thus, in a different type of 
habitat to the beaver pond at station DM-4. Both these sites had much more diverse benthic communities that included 
a number of insect species as well. The high density and diversity suggest there are no effects that could be attributed 
to the mine site. 

Station DM-8 was located in the north end of Eels Lake, near the mouth of Panel Creek in relatively shallow water. This 
is also reflected in the diversity of organisms at this location, and density of organisms was among the highest at any of 
the lake stations sampled. The benthic community here appears to be unaffected by any contaminants from die mine site. 

The remainder of the stations in Eels Lake were similar to unaffected lakes within the study area in terms of benthic 
communities present and suggest that there is no impact on benthic organisms in Eels Lake that could be attributed to 
the mine site. 



Bicroft Mine 

Centre Lake, the background lake for die Bicroft Mine site was one of die deepest basins sampled. The benthic 
community in this lalK, as noted earlier was comprised of the chironomid community that is typical of oligotrophic/ 
mesouophic conditions. 

A similar community was observed in the southwest basin (station BM- 1 ) adjacent to the north tailings dam, and suggests 
die slight increase in sediment concentrations of some of the metals associated with the mine site are not having an 
observable impact on die benthic community. 

The samples collected within the tailings pond (station BM-2) are not directly the subject of this study, since this area 
is directly on the property. However, die results do demonsu-ate Uiat, while there may be some effect from the tailings, 
namely in the reduced diversity of organisms, the effect is not severe. Since die toxic effects of metals is related primarily 
to their availability, the lack of a pronounced toxic effect (the reduced diversity could suggest the presence of a subtle 
toxic effect, to the most sensitive organisms) suggests that die availability of metals from the tailings diemselves is 
relatively low. 

The discharge from Pond A appears to have had a minor effect on the bendiic community downstream in this tributary 
(slaUon BM-4). In comparison to station BM-3, the stream control for this site, diere was a reduction in bodi density and 
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diversity of organisms. In particular, the more sensitive components of the benthic community, such as the mayflies and 
caddisfiies, that were present at BM-3 were notably absent at BM-4. Similarly, the chironomid community at station BM- 
4 was much less diverse. While there is no direct correlation with benUiic organism density or diversity (as a whole or 
among individual groups) and contaminant concentration in either water or sediment, the reduction in these groups does 
suggest a subtle response to the higher levels of some coniaminanls. 

A similar effect is also suggested at station BM-6, where, even though diversity was high, density of organisms was less 
than 50% the total density at station BM-3. Winner et al (1980). found in sueams affected by elevated metals 
concentrations that the effects on the benthic community often resulted in an overall reduction in the fauna. Since 
sediment bioassay testing found the highest tissue residues in fish from sedimenLs at station BM-6, the availability of 
metals from these sediments appears to be higher than at any of the other sites. Therefore, while sediment concentrations 
of many of the metals were not the highest recorded, the data suggest they may be more biologically available (likely 
as consequence of the higher sand content of these sediments). 

The elevated levels of some metals in sediments of Inlet Bay may also be having an effect on the benthic community of 
this basin. The presence of high density of chaoborids, coupled with the low density of other organisms, and the 
chironomid community that was reduced to those species tolerant of reduced oxygen levels, all suggest that the primary 
factor affecting the benthos is periods of low oxygen in the bottom waters. However, the absence of the sphaeriid 
community, and the marked reduction of the oligochaete community are similar to changes noted in Bentley Lake and 
Bow Lake, and suggest there may be some effects on the benthic community due to other factors, rather than just low 
oxygen levels, since both of these groups are able lo tolerate such conditions. Reduced oxygen levels could mask any 
effects due to contaminant concentrations, though the lack of biological effects in the sediment bioassay testing, at much 
higha- sediment metals concentrations than were observed at this site, suggests thae would be little additional impact 
on the benthic community at this site due to sediment contaminants. 

The other sites in Paudash Lake yielded faunas typical of the deeper proftindai areas of oligofrophic/mesotrophic shield 
lakes, and there is no suggestion of impacts due to contaminants form the mine site. 



4.4 Sediment Bioassay Testing 

The results of the sediment bioassay tesUng indicate that there is little direct toxicity associated with sediment 
contaminants, though toxicity was observed among some of the test species al some of the sites. Only sediments from 
station DM-3, in the deep basin of Farrel Lake resulted in a significant increase in mortality among the mayflies and 
fathead minnows (chironomid mortality at this station was low). Sediments from station BM-6 resulted in mortality to 
mayflies only, but also resulted in much higher tissue residues in fathead minnows that at any of the other stations. 
Sediments fromstationMM-SinBowLakeresultedinincreasedmortality among the mayflies over what was observed 
in the BM-LC reference (Cenu-e Late) sediments, but the difference was not statistically significant. 

Station MM-2 sedimentresulted in no increase in mortality in any of the assays, and in fact, mortality among the mayflies 
and fathead minnows was less than in the reference sediment from Cenfre Lake (station BM-LC). In addition, both 
mayfly and chironomid growth was higher than in the control reference sediment or the control sediment from Honey 
Harbour. Both organisms grew better in these sediments than in any of the other sediments tested. Fathead minnow tissue 
residues at the end of the 21 -day test do show uptake of uranium to a level nearly 14-timeshigherthan in the reference 
sediment. The calculated Biota-Sediment Accumulation Factors (BSAF) showed no difference in the relative uptake of 
uranium compared to the reference sediment, even though absolute concenfrations were high in fish exposed to MM-2 
sediments. Therefore, the data suggest that despite a low BSAF in these sediments, the total concentration of uranium 
(and possibly also Ra-226, which was not analyzed for due to lack of sufficient sample) is higher in fish exposed to 
sediments with higher concentrations. This has implications for adult fish or fish at higher trophic levels, and will be 
addressed in follow-up studies in 2002 to measure levels of radionuclides and metals in sport fish. 
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It should be noted that sediment bioassay test procedures can result in higher release of metals from sediments than might 
be observed under natural conditions. Since the sediment is removed, sieved, and mixed with water, the existing redox 
conditions (typically an oxic layer of 2-3 cm overlying an anoxic deeper layer) are completely altered. The change from 
anoxic to oxic can result in dissolution of metal-sultlde complexes in the sediments, with resultant release of any co- 
precipitated metals. As such, the lest conditions most closely simulate what might occur under natural conditions, were 
the sediments to be re-suspended in the water column and deposited elsewhere. While these lest conditions may not be 
directly applicable to sediments deposited in deeper basins of lakes, where events capable of disturbing these sediments 
seldom occur, they are relevant to what may be expected to occur in flowing water, where areas of fine sediment 
deposition may be eroded during periods of high discharge. 

The shght increase in mortality at station MM-5 in the mayfly assay is not significantly different (slalislically) from 
mortality at the control station, and may be due to a combination of factors, such as metals concentrations. pH changes 
or the type of organic matter. The slight increase in un-ionized ammonia during the test may also be a factor, since levels 
exceeded the PWQO. The lack of pronounced mortality among all three test organisms at this location is interesting, since 
sediment concentrations of uranium {and Ra-226 in the sediment cores) were highest at this station and suggest that 
despite high sediment concenu-ations, availability of metals was limited. The decrease in pH at this location in the fathead 
minnow assay is likely due to release of sulfides from the sediment. Since a pH decrease was also noted in the control 
sediment, this suggests that the change is due to natural sources, likely a consequence of the type of organic matter (i.e.. 
could be due to methane fermentation resulting in the release of organic acids, or the sediment could be high in sphagnum 
(peat), and/or sulfate -reducing bacteria, both of which can result in increased generation of sulfides, which can result, 
under oxidizing conditions, in the generation of SO4). The decreased pH at station MM-7 in the mayfly assay could be 
due to similar changes in the sediment as a result of changes in redox in the test conditions. 

Uranium tissue residues in fathead minnows were approximately an order of magnitude higher than in the reference 
sediments, and suggest that some uranium was released from the sediments during the test period. Again, while BSAFs 
were similar to the reference sediment, the higher concentrations of uranium in these sediments resulted in higher tissue 
residues in the minnows. 

Sediment from MM-7 resulted in no mortality relative lo reference sediments in either the mayfly or the chironomids. 
While nriortalily of fathead minnows was higher than the reference sediment, this was due to failure of the aeration 
equipment on Day 1 9 of the test in one of the test chambers and all fish mortality occurred in this test chamber. 
Therefore, mortality was due external factors (lack of oxygen) and not to conditions within the sediment. Tissue residues 
in minnows from the remaining test chambers were similar to concentrations in minnows in sediment from MM-2 and 
MM-5. and again suggest availability of metals from sediment under the test conditions. 

While sediments from station MM-9 showed no mortality in any of the test species, minnow tissue residues were higher 
than at any of the upsu-eam sites (approximately 2-times levels at station MM-5 and MM-7). Since sediment 
concentrationswerelower than in the upstream test sediments (181 ng/g vs. 540 ng/g in MM-5 sediments and 474pg/g 
in MM-7 sediments), it would suggest that metals are relatively more available from these sediments. When tissue 
residues are compared to levels in fish from the reference sediment tesLs (Table 1 5) levels are higher (24-times) than in 
fish from either MM-2 sediments {13-times background) or MM-5 sediments (12-iimes background). 

It should be noted that concentrations of metals in sediments used in bioassay testing and those obtained by core sampler 
for chemical analysis usually differ. Samples for bioassay testing are typically obtained by grab sampler, which usually 
samples sediment to a depth of 10-15 cm. In addition, the samples are sieved to remove coarse material. Since the fine 
particles provide a greater surface area for metal binding, the sediment fine-parlicle fraction typically has the highest 
concentration of contaminants. Since sieving concentrates this fraction to some degree, it is not unusual for sediments 
used in bioassay testing lo have higher concentrations of contaminanls, than samples collected from the same location, 
at the same time, for chemical analysis. Finally, the distribution of contaminants in sediments is seldom uniform. Areas 
adjacent to one another can have slightly different chemical concentrations simply due to differences in fine-sediment 
content, or minor differences in current that can result in differential settling of particles from the water column. 
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Sediments from below the Dyno mine site showed a significant increase in mortality at one site, station DM -3. However, 
sediments from station DM-2, which contained a high percentage of tailings, had relatively low levels of metais of 
concern, and no impact in tenns of mortality, growth effects, and relatively low tissue residues. The lack of effects may 
be due to the high percentage of tailings material in this sediment. Since metals would be bound in the mineral matrices, 
ihey would be expected to be relatively unavailable. Station DM-3 sediment had a much higher organic matter content, 
though sediment uranium concentrations, at 117 ^ig/g in the test sediment (which was slightly higher than the bulk 
sediment concentration of 89 ^ig/g), suggests that the observed effects are not likely due to uranium levels in sediment. 
Concentrations of uranium were much higher at both MM-2 and MM-5, without apparent effect on the test organisms. 
Sediment pH, particularly in the mayfly bioassay, decreased to a low of 3.74 by the end of the test period (2 1 days), and 
this may have had an effect on mayfly survival. Sediment pH decreased in the fathead minnow assay as well (5.2 at the 
end of die test). In addition, field observations noted the black colour of the sediments, which is characteristic of anoxic 
conditions and the formation of iron sulfides (FeS). Coupled with the high iron content in bulk sediments (100,000 pg/g 
or 10%), the results suggest thai over the course of the test, the iron sulfide underwent dissolution, with the resultant 
formation of sulfuric acid and likely, hydrogen sulfide gas. Therefore, toxicity is not likely due to die presence of toxic 
levels of metals in the sediment, but rather, to the effects of mining acUviiy on the deep basin of Parrel Lake, resulting 
in the establishment of anoxic conditions in the bottom water, which in turn enhances the formation of iron sulfides in 
the sediments. 

Station DM-4 sediments in contrast, which yielded much higher in uranium concentrations, wei« collected from a beaver 
pond with water depth of 1 m or less. As such, diere is little potential for anoxia in the bottom water of diese ponds. The 
test results show no acid generation in the test chambers, widi pH remaining near neutral during the enUre test. Therefore, 
while iron concentrations in sediment were also high at this station (57,000 ppm or 5.7%), the lack of acid generation 
suggests the iron was likely in the form of iron hydroxides in die surficial layers (and iron sulfides and/or organic 
complexes in the subsurface sediments). Fadiead minnow tissue residues however, do show substantially higher uptake 
of uranium in these sediments (minnows could not be tested from DM-3 sediments, due to lack of surviving organisms 
at the end of the test period), than in Parrel Lake sediment (DM-2) or Bow Lake sediments (MM-5 and MM-7). The 
accumulation of uranium in minnow tissues showed an accumulation to levels 86 times higher than fish in the reference 
sediments, and dssue residues were 3 to 4- times higher than at any of the above stations. 

Two sediments were tested from below the Bicroft Mine site: BM-6, in Deer Creek near the inflow to Paudash Lake, and 
BM-7 in the deep basin of Inlet Bay (Paudash Lake). While mayfiies exhibited significant mortality at station BM-6 
(63%), mortality among die other test species was very low, and did not differ significantly from the controls. 
Measurements suggest that test conditions did not vary significanUy, and cannot account for the high mayfly mortality. 
The fadiead minnow assay showed significant tissue residues at die end of the test (more than an order of magnimde 
above accumulation from station DM-4 sediments) diat resulted in tissue residues of 39.8 ^ig/g of uranium, or 1 323-times 
higher Uian in reference sediments (Figure 29). As such, uranium was highly available from Oiese sediments, and this 
may have had an impact on the mayflies. Sediment concentrations were among die highest of die sediments tested (49 1 
Mg/g), and coupled widi the high bioavailability, may have been sufficiently high to affect diese organisms. Kurias et al 
(2000) developed Sediment Screening Level ConcentraUons (SLCs) for uranium contaminated sediments in norUiern 
Saskatchewan, widi a site-specific SEL of 390 Mg/g. Since availability, and hence, toxicity of contaminants is highly 
dependent on sediment characterisUcs, such as binding potenfial, the high availability from these sediments suggests that 
die observed toxicity may be due to elevated levels of contaminants, such as uranium. The reladvely low TOC 
concentration of diese sediments, coupled widi die higher percentage of sand (52%) may have resulted in greater 
availability from these sediments, relative to the more organic sediments characterisdc of the deep basins of die lakes. 

The relatively low sediment concentraUons of uranium appeared to elicit no response form die test organisms in BM-7 
sediments. Since there was no observed bottom water anoxia observed during field sampling, this suggests there is little 
or no acid generation in diese sediments. Accumulation of uranium from sediments was also relatively low al diis station, 
with BSAF values similar to the reference sample. 

The test results show die highest accumulation of uranium occurred in shallow-water sediments, and suggest diese 
sediments are less effective in binding metals than die deeper lake basin sediments. However, the deeper lake basin 
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sedimenLs, particularly in those basins where periods of anoxia occur in the bottom waters, appear to affect the test 
organisms through a decrease in pH, likely a result of increased SO4 release as the metal-sulfide complexes oxidize. 

The higher availability from shallow water sediments suggests that metal availability in these habitats is relatively high, 
and could be enhanced during disturbance of the sediment, such as during re-suspension of material during periods of 
elevated runoff. Conversely, the data suggest that lake sediments, with the exception of the deep basins of Parrel Lake 
and the east end of Bow Lake, effectively bind most of the metals, such that, despite high concentrations of metals, there 
are few effects that can be attributed directly to metal availability. It should be noted though that the high mortality in 
Parrel Lake sediments (DM-3) may be due to a combination of higher metals and release of sulfides, but that tliis cannot 
be determined due to the lack of tissue residue data. 

The relatively lower TOC in sediments from flowing water locations may result in increased availability of metals. This 
in turn could have long term implications for runoff and seepage from the sites, which could result in a steady influx of 
bioavailable metals to the lakes. This also has implications for fish, since they could be directly exposed to these metals 
until they formed complexes and settled to the sediments. 



4.5 Summary 

The data collected in 2()00. combined with historical data, permits an evaluation of the three mine sites in relation to the 
questions posed at the beginning of the investigation 

1. What are the contaminants of concern ? Previous studies have identified a number of radioactive elements that 

are of potential concern. Are there additional elements that may have been released during the processing of 
the ore thai could also be of concern? 

Madawaska Mine 

The data from the current study, as well as previous data from the PWQMN indicate that uranium levels downstream 
of the mine site are elevated over background, in both the water column and the sediments. Levels in the water column 
exceeded the interim PWQO of 5 ug/L for uranium during all three sampling paiods in Bentley Lake and Bow Lake, 
and in Bentley Creek at all stations from below the outlet of Bentley Lake to the confluence with the Crowe River. None 
of the sites exceeded the previous PWQO of lOOug/L. The PWQO for radium-226 was not exceeded at any of the 
sampling sites, though levels were elevated above background and higher levels in the water column persist down to the 
confluence with die Crowe River. 

Sediment uranium and radium-226 in the eastern end of Bow Lake were substantially higher than levels in background 
lakes. Though formal Ontario sediment guidelines for these elements have not been developed, "SELs" developed for 
use in northern Saskatchewan C390Mg/g U and 0.6Bq/L Ra-226; Kurias et al, 2000) were exceeded at one or more sites, 
suggesting possible adverse effects on benthic organisms. Levels of manganese exceeded the SEL at a number of 
locations in BenUey Lake and Bow Lake, and strontium concenu-ations were substantially elevated over background. 

Dyno Mine 

No exceedances of the PWQOs for either uranium or radium-226 were noted, despite elevated levels of uranium and 
radium-226 relative to background concentrations. Sediments in Parrel Lake, as well as the adjacent beaver pond, 
exceeded the radium-226 criteria of 0.6Bq/g developed for Saskatchewan lakes. No exceedances of the uranium guideline 
for sediments developed by Kurias et al (2000) were noted despite concenu-ations in Parrel Lake sediments that were 
approximately 4-5 times higher than background. 



39 



BiCToft Mine 

Despite elevated levels of uranium and radium-226 in Deer Creek, only uranium exceeded the PWQO at one site. There 
were no exceedances of the PWQO for radium-226. Levels in the water column were elevated in Deer Creek but 
decreased substantially in Inlet Bay (Paudash Lake). Radium-226 concentrations wae high in sediments near the mouth 
and exceeded the criteria for Saskatchewan lakes in I>eer Creek sediments. In Inlet Bay sediment uranium concentrations 
were elevated over background but did not exceed the SEL of 390|ig/g (Kurias et al, 2000), 

2. Are the sites, or any part of the sites, continuing to act as a source of any contaminants to the adjacent aquatic 

environment? 

Madawaska Mine 

Despite the lack of exceedance of PWQOs for radium-226, the increase in water concentrations below the mine site of 
both uranium and radium-226 continues to conu-ibute to the elevated levels in Bow Lake. Historical data from the 
PWQMN show a marked increase in uranium and radium-226 concenu-ations in Bentley Creek below the site, and similar 
results were obtained in 2000. TTie eastern end of Bow Lake, near the inlet of Bentley Creek, has been affected through 
these discharges. The small deep basin at this end of the lake appears to be permanently stratified as a result of the build 
up of metals, principally iron and manganese, in the bottom water. The impact of these metals has created conditions in 
both BenUey Lake and Bow Lake that are favourable for the release of other metals, such as uranium and radium-226, 
from sediments. 

Dyno Mine 

Elevated levels of uranium and radium-226 in the water column of Farrel Lake indicates these elements are still entering 
the lake. In addition, the elevated levels in sediments in Farrel Lake and the adjacent beava pond indicates there is 
release and movement of these elements from the sediments. 

Bicroft Mine 

Higher than background levels of uranium and radium-226 below the mine site in Deer Creek show that the mine site 
is still a source of these elements to the system, even though levels were typically below guidelines. Elevated levels in 
Deer Creek sediments, and their availabiUiy to aquatic organisms, shows there is on-going movement of these metals 
in the system. 



5. What is the extent and severity of any historical contamination from these sites on both water column and 

sediments? Is there a possibility that sediments are contaminated and could continue to act as a source in the 
future? 

Madawaska Mine 

Sediment concenu-ations of uranium and radium-226 were highest in Bendey Lake and Bow Lake and elevated levels 
persisted downstream as far as the last small lake before the confluence with the Crowe River. Levels of uranium in Bow 
Lake surface sediments were up to 14 times that observed in die reference lake (background), while radium-226 
concentraUons exceeded the Saskatchewan SEL and exceeded the background levels by up to 405-times. Current and 
past data show consistently higher levels in the water column downstream of the mine site on BenUey Creek. As such 
there is clear indication that both uranium and radium-226 continue to enter die system from the area of the mine site. 
Tlie study also found elevated levels of manganic and strontium in both the water column and sediments. 

Contaminated sediments in Bentley Lake and Bow Lake appear to be a source of both uranium and radium (as well as 
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manganese and strontium) to the water column. Past discharges to the system have resulted in the formation of a 
chemocline in the east end of Bow Lake that is currently maintained through continued inputs of these metals from the 
mine site, and that serves to assist internal cycling of these elements in the lake. This reflux from the sediments also 
serves to maintain higher concenu-ations in the discharge from the lake, resulting in continued downstream dispersal of 
these metals. 

Dyno Mine 

Elevated levels of uranium and radium-226 were found in the sediments of Farrel Lake and the adjacent beaver pond. 
There is also evidence that tailings have been transported into the lake, with extensive deposition of tailings at the north 
end, adjacent to the tailings dam. However, levels of these elements in the water column were low, and there is evidence 
of only minor reflux from the sediments. Sediment in the beaver pond had the highest levels of these elements, which 
suggests that materials have moved out of Farrel Lake, but have been largely u-apped by beaver ponds such as this one, 
and the one at station DM-5. As a result, levels of these elements were low in Eels Lake sediments. 

Bicroft Mine 

Aside from one exceedance of the interim PWQO for uranium during the August sampling, levels of both uranium and 
radium-226 in the water column downstream of the site were below their respective criteria. However, sediments below 
the site in Deer Creek, and in Inlet Bay were elevated 58- times and 22-times levels in background lakes for uranium and 
up to 233 times levels in background lakes for radium-226. However, despite the elevated levels in the sediments of Inlet 
Bay, Uiese appear to have a negligible impact on the water column, and suggest there is minimal released form the 
sediments. 

The most contaminated sediments were noted in Deer Creek, and these could be transported to Inlet Bay during erosive 
events. 



4. Are there any biological effects associated with elevated levels, if any, of contaminants in the water column or 

sediments? How severe are these effects? What is (are) the source(s)? 

Madawaska Mine 

Sediment bioassay testing indicated the possibility of some toxicity at station MM-5. primarily in the reduced growth 
rates of benthic organisms. Since these are short term tests (i.e., less than the lifetime of the organism) the long term 
effects of reduced growth could have resulted, and may still result in, in the gradual elimination of susceptible groups, 
as their vigour and lecundity are reduced. Ultimately this could result in smaller and smaller populations. The bioassay 
tests also showed there was uptake of uranium from the sediments by fathead minnows, which could have implications 
for larger predators and ultimately, human consumers of fish. 

Tlie benOiic community analysis showed there were reductions in benthic communities of Bentley Lake and Bow Lake 
(east basin), which suggests the presence of subtle effects on the benthic community, beyond the effects of periodic low 
oxygen levels . In particular, organisms tolerant of such conditions, and present at the control locations, were noticeably 
absent in these basins. However, the lack of correlation between benlliic organisms density of diversity suggests that any 
effects are relatively subtle, and that these could easily be overshadowed by the pronounced effects of low oxygen levels 
in the bouom water. The effect appears to be limited to these basins, and downstream areas, despite elevated sediment 
concenu-ations of some of the metals did not show any detectable changes in the benthic communities relative to the 
conu-ol sites. 



Dyno Mine 
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The sediment bioassay testing showed there was direct toxicity on benthic organisms (mayflies) and fathead minnows 
at station DM-3 in Parrel Lake. Both the mayflies and the minnows suffered 100% mortality in station DM-3 sediments. 
However, since the tests cannot determine direct cause-effect relationships, it is uncertain whether the high mortality is 
due to the higher concentrations of some metals in these sediments, or to factors related to anoxia, that could result in 
the release of other compounds (e.g., H^S) that could be toxic to the lest organisms, or to a combination of the two. The 
lack of an effect on the chironomids, coupled with their presence in die benthic community samples, suggests that these 
organisms are more tolerant of these effects, while the increase toxicity could explain the absence of other organisms, 
including the oligochaeie community in the bendiic community samples. 

As in Bow Lake and BenUey Lake, the tests demonstrated th^e is uptake of uranium at both DM-3 and DM-4, and 
ihou^ the rate of uptake was similar to the odier sites, and the background lakes, the higho" concentrations in the 
sediment have clearly resulted In higher tissue residues in the fathead minnows. 

The reduction of the bendiic community at station DM-3 in Parrel Lake shows clear signs of a community undCT oxygen 
stress. However, there are also signs that additional sU'essors are affecting die benthic community since some organisms 
tolerant of low oxygen conditions, and commonly present under such conditions, were noticeably absent. A similar 
situation appears to emerge for the adjacent beaver pond (DM-4) where the fauna was much less diverse than otber 
similar ponds. These differences also suggest an impact, and it is possible that the availability of metals, such as uranitim, 
as noted in the sediment bioassay testing, may be impacting the benthic community. 

Bicrofi Mine 

The sediment bioassay tests showed an increase in toxicity among the mayflies at the mouth of Deer Creek (station BM- 
6) though the odier test organisms did not show a responsein increased mortality though chironomid growth rates were 
lower than at most of the other stations sampled. The bioassay tests also found significant uptake of uranium at BM-6, 
at a rate much higher than at any of the other sediments tested. The data suggest that uranium, and possibly other metals 
as well, are more bioavailable, and hence could be responsible for the observed mortality among the mayflies. The 
bioassay tests found no effect on organisms in Inlet Bay sediments. 

The only indicaUon of possible advCTse effects on the benthic community was noted at stations BM-4 and BM-6. Both 
had reduced faunas compared to the controls, though physical charactra-i sties were similar. The overall reduction in the 
benthic fauna , and not just the reduction of specific groups, is consistent with observations in the literature on the effects 
of metal contamination. 

There were no detectable effects on the benthic communities in Paudash Lake, with the exception of Inlet Bay (BM-7). 
The absence of certain characteristic groups is similar to obso'vations in BenUey Lake and Bow Lake and suggest there 
may be a subtle effect on these organisms, similar to changes observed in BentJey Lake and Bow Lake. However, the 
results of the sediment bioassay tests do not indicate any adverse effects, such as growth reduction, and the observed 
changes may simply be due to habitat variability or sampling artefact. 

There were no effects apparent at any of the other locations in Paudash Lake. 

Therefore, overall the biological effects appear to be limited primarily to those areas direcdy adjacent to the mine sites. 
While there is little direct effect on benthic communities that can unequivocally be attributed to sediment contaminants, 
the changes in the benthic community, and the effects on laboratory test organisms, suggest that both toxicity and 
bioavailability are concerns at some sites, but that the area of impact is relatively confined, and does not result in severe 
biological impacts diat range throughout the water bodies. This is consistent with the fmdtngs of other studies in similar 
mining areas, that note die effects of uranium mines are confined to the immediately adjacent lakes. 
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5. Are there any long-term implications from contaminants at any of these sites? This could include a range of 

possible actions that may be required on the part of any potential new owner (i.e.. the Crown). These actions 
may range from periodic environmental monitoring to full-scale sediment remediation. 

The results of the water quality component show that there is continued release of uranium and radium-226 from all three 
sites to adjacent water bodies. The most pronounced is from the Madawaska Mine. On-going discharge from this site, 
as well as int^nal cycling in Bow and Bentley Lakes will continue to result in exceedances of the interim PWQO for 
uranium. Additional concerns exist regarding other area on the Bicroft Mine site, that are currently under investigation 
through MNDM (R. Bradley, Pas Comm). 

d Recommended actions that should be undertaken before the Crown accepts title and hence responsibility for 

these sites. 

These are listed separately in Section 6.0. 



5.0 Conclusions 

1. Only stations immediately downstream of Madawaska Mine consistently exceeded IPWQO for U. Water 
concentrations at the other two mine sites were below the IPWQO, except for the creek below Pond A on the 
Bicroft Mine site (all three sampling periods) and at the mouth of E>eer Creek during the August sampling. 

2. Elevated levels of metals in the bottom waters appear to result in the formation of a more or less permanent 
chemocline in the south basin of Bentley Lake and the east basin of Bow Lake. Concentrations of uranium, 
radium-226 as well as a number of other metals such as manganese and strontium are substantially higher in 
the bottom waters of these lakes than in the surface waters. Data suggest thai during turnover, the elevated levels 
in the bottom water are mixed with the surface waters, resulting in elevated levels in surface water. Data also 
suggest parts of these basins do not mix completely. 

3. Elevated levels of a number of metals in sediments, including iron, manganese, strontium, uranium and radium- 
226, occurred below all three mine sites. Iron, manganese and radium-226 exceeded the SEL guidelines in 
sediments below all three mine sites, while uranium exceeded the SEL only below the Madawaska mine site, 
and then only at depth. While guidelines are currently not available for strontium, levels in the sediment at 
BenUey Lake were up to four times the concentration in the sediments in the background lakes. Levels were 
highest in Bentley Lake and Bow Lake sediments, with LELs and SELs being exceeded for some metals in 
both Bentley Lake and Bow Lake. The dynamics of these two basins suggests that there is reflux of metals from 
the sediments to the bottom waters, particularly during periods of redox changes. As such, these sediments 
appear to act as a source of metals to the water column at certain times. 

4. Elevated levels of uranium and radium-226 above the LEL and SEL (respectively) in sediments at BM-7 did 
not result in increased concentrations in bottom water. Data suggest that Inlet Bay does not go anoxic and 
therefore there would be little release of these metals from sediments. 

5. Numerous studies have shown that even under stable conditions (i.e., no changes in redox or pH), there is a 
constant low-level flux of metals from sediments to water due to bottom water movement and equilibrium 
chemistry. Therefore, the contaminants in Bow Lake, Bentley Lake, Paudash Lake (Inlet Bay) and Parrel Lake 
sediments may contribute metals and radionuclides to the water column for many years, even if all external 
sources are controlled. 
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6i Data from this study, as well as the PWQMN data, show a reduction in concentralions of uranium and Ra-226 

in the water column since monitoring began in the 1960's. Current monitoring results show only a few 
exceedances of the PWQO for uranium and none forradium-226. However, these data also suggest that uranium 
and Ra-226 continue to enter the water column at all three mine sites at levels above background. The data also 
show that there are seasonal differences, with concentralions increasing in the fall months. These are likely 
related to rainfall and hence runoff and seepage from the sites. 

7. Current data show the highest concentrations of U and Ra-226 are in Beniley Lake. Bentley Creek and Bow 
Lake, all of which would be influenced by the Madawaska Mine site. Concentrations of uranium exceeded the 
IPWQO of 5 ug/L at this site (there were no exceedances at any of the other sites on a mean annual basis 
(calculated over the three sampling periods) though there were individual exceedances, usually during the 
summer (August) sampling period. Data from the Madawaska Mine site show an increase in both Ra and U 
concentrations in BenUey Creek downstream of the mine site as compared to upstream at the ouUet to Bentley 
Lake (concentrations in which are also influenced by drainage from the site to Bentley Lake), and identify the 
site as a source of both elements to adjacent surface waters. 

8. Metals in the water column at Bentley Lake and Bow Lake are also influenced by conditions in the bottom water 
of these basins. Evidence exists for release of U and Ra-226 from sediments during periods of low oxygen in 
the bottom water. The deep basin of Farrei Lake also appears to act as a source of metals to the water column 
during certain periods. 

9. Elevated sediment concentrations of uranium and radium-226 (as well as manganese and strontium) were noted 
in Bentley Lake and Bow Lake adjacent to Uie Madawaska Mine site. Historical water quality records 
(PWQMN) indicate that runoff/seepage from the sites has been a contributor. Concentrations in sediments 
downstream of Bow Lake were also elevated. 

10. Elevated concentrations of uranium and radium-226, above LELs and SELs, were also found in Farrei Lake 
sediments adjacent to the Dyno Mine site, and in Paudash Lake (Inlet Bay), below the Bicroft Mine site. 
Concentrations of these elements in both sediments and the water column of these lakes, though elevated (in 
some cased up to 58 limes background for radium-226 and 233 times background for uranium), were 
considerably lower than in Bow Lake. 

11. Effects on the benlhic community were primarily subtle effects that were difficult to atulbute directly to 
elevated levels of metals in either the sediments or the water column. The deep basins of Farrei Lake, Bow Lake 
and Beniley Lake, as well as the background lakes, appear to undergo periods of low oxygen. This appears to 
have limited the fauna to those species capable of withstanding these conditions. However, the fauna of Farrei 
Lake, Bow Lake and Bentley Lake appear to have suffered an additional reduction in fauna that cannot be 
attributed to low oxygen levels and could be related to elevated levels of metals in the sediments and/or bottom 
waters. The benthic fauna in Deer Creek, below the Bicroft Mine site was also reduced relative to other similar 
habitats and may also be related to elevated metals levels. 

12. Sediment bioassay testing found mortality only at two stations: the deep basin of Farrei Lake (DM-3) and in 
Deer Creek (BM-6). In addition, reduced growth was noted in mayflies at stations MM-5 (Bow Lake- east 
basin), MM-7 (Bow Lake west basin)), DM-3 (Farrei Lake), and BM-6 (Deer Creek). All locations had elevated 
levels of metals in both sediments and the water column. 

13. Sediment bioassay testing also found accumulation of uranium from sediments in fathead minnow tissue. While 
the rate of uptake was similar at most stations (i.e. the amount accumulated in tissue over a deflned exposure 
period versus the amount in sediments), the differences in sediment concentrations resulted in similar 
differences in tissue residues (i.e., tissue residues were higher in sediments high in uranium). The rate was 
considerably higher at one location (station BM-6) and suggests that uranium, and possibly other metals as well, 
are more available from these sediments. The increased availability from these sediments may also account for 
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the increased toxicity in the bioassay tests in sediments from this location. 



6.0 Recommendations 

1. There is a need to further control discharges of metals and radionuclides, such as iron, manganese, uranium and 
radium-226, from the Madawaska Mine site. Additional monitoring ai ihe Dyno and BiCTOft mine sites is also 
required. Data indicate that there are elevated levels in Bentley Creek adjacent to the site. In addition, the high 
levels in Bow Lake (levels in the lake would be expected to be lower than in the creek, due to dilution.) suggest 
there are other sources as well (e.g., seepage). In addition, there is evidence that reflux of metals from the 
sediments is also contributing to elevated levels in the water column. These repieseni a long-term reservoir oif 
uranium and radium-266 that could be released to the system. 

2. ThCTe is a need to determine what other sources, such as seepage, ground water movement, etc.. may be 
contributing to elevated levels of uranium and radium-226 in Bentley Lake and Bow Lake. In particular, levels 
in Bow Lake suggest that sources other than Bentley Creek are conuibuting metals lo the lake. 

3. There is a need for continued monitoring of water quality downstream of the mine sites, such as has been carried 
out in the past through the PWQMN. The elevated levels of uranium and radium-226 below the mine sites 
s\iggests there is continuing loss of these elements from the mine sites. 

4. The elevated levels in the water column of Bentley Lake and Bow Lake, as well as the biological effects noted 
in Farrel Lake sediments, suggests that sport fish tissue residues should be analyzed for radionuclides to ensure 
there are no human health concerns regarding consumption of these fish. Fish have been collected by the 
Ministry, including Bentley Lake, Bow Lake, Parrel Lake and Paudash Lake (InJet Bay), and will be analysed 
for radionuclides. 

5. There is currently evidence of significant tailings deposition in adjacent areas of Farrel Lake, downstream of 
the controlling structure, and data suggest diat the tailings pond may be an ongoing source of contaminants into 
Farrel Lake. The integrity of the controlling structure should be assessed. 

6. The biological effects testing, which showed limited effects on the benlhic communities, both in situ and in 
laboratory testing, suggested that there is no apparent need to undertake sediment remediation at any of the sites. 
However, these conclusions may need to be re-evaluated should the sport fish tissue residue analysis indicate 
elevated levels of radionuclides in die fish tissue. TTie mines should also be re-evaluated in 5-10 years, to 
determine what improvements have resulted from any additional source control efforts. 
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1500 


1203 333 


4 


0148 


0,741 


0,324 


DM-5 FEB 


2 


400 


600 


500 



















2 


eso 


1350 


1000 


1 


1 185 


1 185 


1 185 


MAR 


4 


300 


tooo 


eoo 



















3 


42 


230 


120 667 


3 


0111 


0S1B 


0346 


APR 


4 


260 


500 


370 










1 


1 1 


1 1 


1.1 


t 


80 


80 


80 


3 


0148 


0.37 


272 


MAY 


2 


260 


1000 


830 










1 


1 


1 


1 


1 


440 


440 


440 


4 


0074 


37 


0231 


JUN 


5 


400 


1100 


740 



















5 


60 


010 


526 


8 


0111 


852 


343 


JUL 


S 


330 


850 


600 



















S 


230 


850 


594 


6 


148 


1.222 


481 


AUG 


3 


140 


1100 


480 



















1 


210 


210 


210 


S 


0148 


481 


281 


SEP 


3 


80 


350 


213333 



















2 


50 


400 


225 


7 


0.037 


0SS8 


026S 


OCT 


7 


100 


350 


220429 










2 


07 


13 


1 


3 


80 


200 


114333 


4 


0111 


02SS 


0,176 


NOV 


2 


250 


400 


325 










1 


IS 


IS 


IS 











1 


333 


0333 


333 


DEC 


2 


300 


400 


350 



















2 


40 


720 


380 


1 


0222 


0222 


222 


17002111302 JAN 




































1 


222 


0^2 


222 


BM-4 FEB 













































MAR 













































APR 


1 


210 


210 


210 










1 


23 


2.3 


2.3 




















Monthly Tf»od Daia tof Sateclad MattB. Provlncta) Waiw QuaHy Monii(Hir^ hUtwofk (PWQMN) 1B70-H>0B 



Total lion (up'L] 
Minimum Majtimum 



ToWl StroMium (ug/L( 
Mirumum Maximum 



Total Uramum (u^L) 
Minimum Maximum 



Total Uangarwsa (ug/L) 
Minimum Maximum 



22$Radlum (Bq/L) 
Minimum Maximum 



PMY 


1 


3G0 


360 


360 


JUN 


2 


150 


350 


250 


JUL 











AUQ 


D 








SEP 











OCT 


2 


330 


370 


350 


NOV 


2 


290 


360 


325 


DEC 











17002106002 JAN 


3 


350 


450 


406 667 


W-1-5 FEB 


3 


250 


720 


453 333 


MAR 


S 


M 


450 


326 


APR 


4 


140 


400 


207,5 


MAY 


2 


170 


210 


ISO 


JUN 


e 


50 


600 


365 625 


JUL 


s 


1S5 


050 


443 


AUQ 


4 


200 


950 


452 5 


SEP 


4 


ISO 


6500 


1812 5 


OCT 


7 


soo 


020 


482 B57 


NOV 


2 


340 


400 


370 


DEC 


2 


450 


6S0 


550 


17002105g01 JAN 


3 


350 


550 


450 


BM-7 FEB 


2 


3S0 


1000 


1140 


MAR 


3 


350 


650 


466 667 


APR 


3 


150 


200 


180 


MAY 


2 


IBO 


210 


las 


JUN 


8 


140 


400 


200 625 


JUL 


4 


ISO 


1700 


578 75 


AUQ 


3 


100 


1000 


4S0 


SEP 


4 


50 


1600 


477 5 


OCT 


e 


ei 


600 


261.833 


NOV 


2 


100 


430 


265 


DEC 


2 


450 


650 


550 



1 


15 


1,5 


IS 



















2 


3 


10 


65 













































9 



















































2 


0.3 


18 56 


9 43 










1 


222 


0.222 


0222 


2 


0.7 


0.8 


0.75 




































ft 

















9 


120 


270 


1«4 


5 


0.074 


1SS 


0.126 











3 


100 


168 


129 333 


2 


074 


148 


0111 











4 


40 


00 


715 


4 


074 


014S 


0111 


1 


0S4 


0.84 


0.84 


1 


30 


30 


30 


3 


074 


0.1 8S 


123 


1 


12 


1 2 


12 


1 


00 


00 


00 


3 


0.074 


0111 


0,009 


2 


3 


10 


BS 


5 


50 


1S0 


102 


7 


074 


259 


148 


1 


1 


1 


1 


4 


154 


360 


233 5 


7 


0,111 


0333 


201 











3 


70 


B4 


77 333 


4 


0O37 


0.222 


0.139 











2 


00 


116 


103 


e 


0074 


444 


0179 


2 


D.S 


2 48 


164 


3 


60 


810 


344 


8 


036 


37 


167 


1 


4 


4 


4 











2 


0.165 


0222 


204 











2 


SO 


150 


100 


2 


074 


074 


074 











i 


100 


310 


206667 


4 


0,037 


185 


0111 











2 


130 


216 


173 


1 


0.037 


037 


037 











3 


40 


56 


45 333 


3 


037 


074 


049 


1 


1 


1 


1 


1 


M 


30 


30 


3 


037 


0111 


074 


1 


1 1 


t I 


1 1 


1 


80 


80 


60 


4 


0.029 


165 


0.072 


2 


3 


10 


6.5 


5 


20 


BO 


54 


7 


0.037 


111 


060 


1 


1 


1 


I 


2 


140 


182 


161 


7 


0.037 


222 


0127 











2 


30 


150 


90 


4 


037 


0.704 


0222 











2 


20 


220 


120 


7 


037 


0111 


0079 


2 


OQ 


1 22 


106 


2 


40 


50 


45 


a 


021 


250 


0.091 


1 


2 


2 


2 











2 


0.037 


074 


056 











2 


30 


170 


100 


2 


037 


0.074 


0056 



Table 2: Location of Sampling Stations. Bancroft Area Mines. May - November 2000. 



Madawiiska Mine. Sampiing Locaiipus. May - Nov. 2{K)0, 


Staiinji 


hoc-Aiion 


•SiUViplE TylU^ 


Com.me!Hs 


Wiiter 


S<;dsmciit 


Benthos 


Bio;i.vs.ty 


■M:iy ■ 


■Aug.;' 


■Nov" 


MM-LC 


Siddon Lake. South end of iake 
approx. 50m from s. shore. Map 
Ref. I0 18 27I22E4989915N 


/ 


/ 


y 


cores: 35 cm: 
O-IO; 10-20; 
20-30 cm 


3 reps. 




Control lake; upriver of Bentley Lake. 
Black silly fine-grained sediments 
with some sand at bottom of core 


MM-CS 


Creek al north end of Bentley Lake, 
on upstream side of Bentley L. Rd. 
Map Ref. 10 18 27034E499029N. 


/ 


/ 


/ 


cores: 20-25 
cm: 0-10; 10- 
20 cm 


3 reps 




Stream control. Ponded area of stream 
adjacent to road. Black silty sand. 


MM-1 


Bentley Lake at north end of lake. 
Map Ref. 10 18 27049E499010N 


/ 


/ 


/ 


cores: 

4O+cm:0-10; 
10-20; 20-30 
cm 


3 reps 




Loose, watay surface layer of black 
fine-grained sediment, dark brown, 
flocculent deeper layers 


MM-2 


Bentley Lake at south end of lake 
beside mine site. Map Ref. 10 18 
27038E 498972N 


/ 


/ 


/ 


cores: 

40fcm: 0-10; 
10-20; 20-30 
cm 


3 reps 




Loose, watery surface layer of black 
fine-grained sediment, dark brown, 
flocculent deeper laya"s. 


MM-3 


Creek/outflow of Bentley Lake; east 
end of creek opposite tailings area. 
Map Ref. 10 18 27032E4989355N 


/ 


/ 


/ 


cores: 20-25 
cm: 0-10; 10- 
20 cm 


3 reps 




Top layer coarse detrims with plant 
roots and debris in clay, sand mix; 
bottom light brown soil-like sediment 
(dry & cohesive). 


MM-4 


Creek/outflow of Bentley Lake; at 
downstream end of lake just 
upstream of access road to mine 
site. Map Ref. 1018 26959E 
49886 IN 


/ 


/ 


/ 


cores; 30-35 
cm; 0-10; 10- 
20; 20-30 cm 


3 reps 




Black organic sediment/ sand mix, 
very cohesive at bottom. 



Station 


Location 


Sample Type 


CoiTunent-v 


Wale-; 


Scdtmeni 


Benth'iK 


Bioas^jty 


May 


Aug. 


Nov 


MM-5 


Bow Lake al east end of lake in 
deeper basin off mouth ofBentley 
Ck.. Map Ref. 10 18 269550E 
498879N 


/ 


/ 


/ 


cores: 40 cm: 
0-10; 10-20; 
20-30 cm 


3 reps 




Black fine-grained, very loose & 
watery sediment. Very high 
conductivity at bottom. 


MM -6 


Bow Lake at northwest bend in lake. 
Map Ref. 10 18 268730E 498880N 


/ 


/ 


/ 


cores: 35-40 
cm: 0-10; 10- 
20; 20-30 cm 


3 reps 




Loose, brown fine-grained sediment, 
similar to control lake, some fine- 
grained black material in lop 10 cm. 


MM-7 


Bow Lake near south end of lake 
adjacent to bay on west side). Map 
Ref. 10 18 26843E498764N 


/ 


/ 


/ 


cores: 35 cm: 
O-IO; 10-20; 
20-30 cm 


3 reps 




Reddish brown fiocculent layer (2-3 
mm) over dark brown fine-graineil 
silts. 


MM -8 


Small lake below Bow Lake (s. Side 
Hwy 28), near inlet. Map Ref. 10 18 
268615E4987165N 


/ 


/ 


/ 


cores: 40 cm: 
0-10; 10-20; 
20-30 cm 


3 reps 




Medium to dark brown organic 
sediment (fine-grained), fiocculent. 


MM-9 


Small lake downstream ofMM-S. 
Map Ref. 10 18 26829E 4986595N 


/ 


/ 


/ 


cores: 35-40 
cm: 0-10; 10- 
20; 20-30 cm 


3 reps 




Very watery surface layer of 
fiocculent organic muck (with peat); 
peaty layer approx 15 cm down 
(significant compaction of sediment in 
core) 


MM-10 


Below beaver pond. km s. of 

Hwy 28 on Lower Faraday Rd. Map 
Ref. 10 18 26711E498419N 


/ 


/ 


/ 


hand sampled 
to 10 cm 


3 reps 




Sand and gravel on bottom, up to 10 
cm of fine loose organic siit at edges 
of pond. 


MM-11 


Below swampy area approx. 1 km 
upstream of Crowe River. Map Ref. 
10 18 266125E498254N 


/ 


/ 


/ 


none: hard 
substrate 


none 




Hard substrate (sand and gravel). 
WatCT samples only. 


MM- 12 


Approx. 1 km downstream of 
confluence with Crowe R. Map Ref. 
10 18 26643E4981715N 


/ 


/ 


/ 


cores: 20 cm: 
0-10; 10-20 

cm 


3 reps 




Silt and detritus layer (~ 5 cm) 
overlying sandy silt. 



BicroCt Mines. SampUug Locations, May - N 


Ov.2(XK) 






"' .-;/." A' - / ' - .'i^ 


StaUun 


Locatioii 


Sample Type 


Ct'mntt'iit'- 


Waier 


SodTment 


Benthos 


Bh<asS.1>* 


"May 


Aug. 


N<)V 


BM-LC 


Centre Lake, north basin. Map Ref. 
10 17 73245E498846N 


/ 


/ 


/ 


cores: 35 cm: 
0-10; 10-20; 
20-30 cm 


3 reps 




fine-grained silly sediments, medium 
brown in colour, overlaid by 1-2 cm 
of loose, fine, organic detritus. 


BM-1 


Centre Lake, southwest basin near 
tailings dam. Map Ref. 10 17 
73242E 49873 IN 


/ 


/ 


/ 


cores: 35-40 
cm: 0-10; 10- 
20; 20-30 cm 


3 reps 




fine-grained silty sediments, medium 
brown in colour, overlaid by 1-2 cm 
of loose, fine, organic detritus 


BM-2 


South end of Auger Lake in tailings 
disposal area. Map Ref. 10 17 
73299E 498648N 


/ 






cores: 20 cm: 
0-10; 10-20 
cm 


3 reps 




1-2 cm of organic sediment on top of 
fine-grained tailings. 


BM-3 


Deer Ck in beaver pond just below 
Centre Lake. Map Ref. 10 17 
73339E498712N 


/ 


/ 




cores; 10 cm: 
0-IOcm 


3 reps 




Stream control. Silty sediments with 
some coarse detritus and overlying 
rock and gravel. 


BM-4 


Trib. To Deer Ck.. below ouUet 
from beaver pond below Auger 
Lake. Map Ref, 10 17 733605E 
498615N 


/ 


/ 


/ 


cores: 10 cm: 
0-10 cm 


3 reps 




Leaf debris with silt and woody debris 
over sand (creek is - 1 m wide). 


BM-6 


Deer Ck. 0.5 km below mine at 
upper end of bay leading into Inlet 
Bay {Paudash L). Upstream of 
bridge. Map Ref. 10 17 73384E 
4985845N 


/ 


/ 


/ 


Ekman(~10 
cm) 


3 reps 




Brown fine-grained sediment with 
detritus Oeaf debris) (up to 10 cm) 
overlying sand & gravel & rock. 


BM-7 


Paudash Lake at Inlet Bay. Map 
Ref. 1017 73433E498498N 


/ 


/ 


/ 


cores: 35-40 
cm: 0-10; 10- 
20; 20-30 cm 


3 reps 




Brown silty, flocculent sediment with 
medium-brown deeper layer. 



Sf.it.uon 



LoL'Siiaf! 



BM-8 



BM-9 



BM-iO 



BM-II 



2"'t^^^»^^''«^veen Stringer ,s 

Lower Paudash Lake. ne. Of 
Ransom Pt. Map Ref 1017 
734955E49824gN 



_S3mpJe Typt 

^ 7^ 



H'JV 



• 



Si'fiirneni 



cores: 

40+cm:0-10- 

10-20; 20-3o' 
cm 



3 reps 



t"A>J)Uiief,{,s. 



./ 



/ 



/ 



cores 20-25 p 
cm: 0-10; 10- 
20 cm 

'^o^es:35cm: hren. 
0-JO; 10-20- ' ^ 
20-30 cm 

•-^"res: 35-40 ,3 reps 
cm: 0-10; 10- 

20; 20-30 cm 



Ji^iabDynoKiiJ^ 



Stauofi 



i-ocsE/ori 



^^^^^^^^2!!^^ May- nM 






.So'Jifiiejii 



DM-LC 



DM-SC 



Brough Lake, at south 



.Hw<mo.s- Bioassav 



ity 



^ ''"'^^' *Ji south end of Isw- / • I T'~ 

^l^PRef.,o,7 72876E498243N T K K 



-!^^^^5Eii£iIZ2864E4SN 



• 



cores: 30 cm: 3 rem 
0-10; 10-20- ' ^ 
20-30 cm 

=o^es:5cm: ,3 reps 
0-5 cm ' 



=5=5=^- 



Black Silly sand, iiuie 



organic matter. 



Pme-grained brown siifv c h- 
RoccuIeMsurfac:;;'",;^""™^"'- 



Ftae-gramed watery surface layer 
g^admg to ligM b,„„„ floccule 

i2i:;£lin!Sl£(2£:40cm) 



^-V*ti!fiiC£U-v 



fine- 



=^-o::^rio::^r'™ 

watery lo+rm n ^ '°*^*^ ^nd 
iili!2li;^£nna^ 

organic detritus mixed with sand 
overlying gravel. ""*• 



liliii^^ 


'""" 31 


;llli|fel}'pe 


mmm^mm^^m^M 


Wtuer 


Svidifnesii 


Befithos- 


:::BkP^'iy 


IMfi 


iliii 


lllPiiN 


DM-l 


Small lake downstream of Brough 
Lake, above tailings area. Map Ref. 
10 17 72894E498180N 


/ 


/ 


/ 


cores: 20 cm; 
0-10; 10-20 

cm 


3 reps 




Top lay^" (10 cm) loose silty 
sediments, deeper layer sand silt mix 
with peaty detritus. 


DM-2 


Farrel Lake, northeast end of Lake 
off discharge from tailings area. 
Map Ref. 10 17 72945E 498102N 


/ 


/ 


/ 


cores: 40 cm: 
0-10; 102-0; 
20-30 cm 


3 reps 




Surface-light brown silty sediment 
with organic matter (-2mm) over 
black fine-grained sediments with 
detritus (5 mm) over orange 
silt/clay/tailings mix (2 cm-20 cm) 
over very soft light grey clay. 


DM-3 


Farrel Lake, near outlet of Lake in 
deeper basin.. Map Ref. 10 17 
72939E 498069N 


/ 


/ 


/ 


cores: 35-40 
cm: 0-10; 10- 
20; 20-30 cm 


3 reps 




Top layer (0-10) black (anoxic) very 
watery. Deeper layers black, cohesive 
fine-grained sediment and deti-itus. No 
visible clay. 


DM-4 


Small lake (beaver pond) on Farrel 
Ck adjacent to Farrel Lake. Map 
Ref. 10 17 72904E498068N 


/ 


/ 


/ 


cores: 30 cm: 
0-10; 10-20; 
20-30 cm 


3 reps 




Dark brown fine-grained silt/muck 
widi detritus and plant roots (20cm) 
over peaty material (20+cm) 


DM-5 


Farrel Ck approx. 0.5 km 
downstream of Farrel Lake at 
Homestead Rd.. Map Ref. 10 17 
72899E 49801 9N 


/ 


/ 


/ 


cores: 20 cm: 
0-10; 10-20 
cm 


3 reps 




Plant detritus (very dense) and silt in 
top 10 cm; brown soil-like sediment 
(very dry ) in bottom 10 cm. 


DM-6 


Farrel Ck., below small Lake/pond 
approx.0.6 km upstream of mouth 
(along forest access rd). Map Ref 
10 17 72846E4979485N 


/ 


/ 


/ 


cores: 30 cm; 
0-10; 10-20; 
20-30 cm 


3 reps 




Silt & detritustfe sand in top 10 cm, 
sandy silt in 10-20 cm layer, peaty 
material in 20+ layer. 


DM-7 


At mouth of Farrel Ck (Eels L) 




/ 


/ 


none 


none 




Not sampled for sediment - rock/ 
cobble/ gravel substrate. 



1 


Location' 


■Safflplelype"""' 




Comments '/ '" '' 


WmtT 


Sediruen! 


Bent ho:; 


Bioassay 


May 


.Aug, 


Nov. 


DM-8 


Eels Lake in north bay. Map Ref. 10 
17 72836E497849N 


/ 


/ 


/ 


Ekman(0-10 
cm) 


3 reps 




Fme-grained silty materia! with 
abundant weeds. 


DM-9 


Eels Lake approx. 1 .5 km south of 
DM-7. Map Ref. 10 17 72859E 
497698N 


/ 


/ 


/ 


cores: 30-35 
cm: 0-10; 10- 
20; 20-30 cm 


3 reps 




Dark brown surface layer of fine- 
grained silty sediments over deeper 
(15-20+cm) light brown peaty 
sediments. 


DM- 10 


Eels Lake south of Devils Is/ Angels 
Is Map Ref. 10 t7 72802E 
497507N. 


/ 


/ 


/ 


cores: 25-30 
cm:0-I0; 10- 
20; 20-30 cm 


3 reps 




Dark brown surface layer of fine- 
grained silty sediments over deeper 
(15-20+cm) light brown peaty 
sediments. 


DM- 11 


Eels Lake south of Runway Is. Map 
Ref. I0 17 72690E497433N 


/ 


/ 




cores: 25-30 
cm; 0-10; 10- 
20; 20-30 cm 


as 
above 




Dark brown surface layer of fine- 
grained silty sediments over deeper 
(15-20fcm) light brown peaty 
sediments. 



Table 3: 



Dlslnbulron of Radionudid^, Melals and Nulrienls in Suriace Water. Madawaska, Dyno and Bicroft Mine Sites 





Ra-226 


Ra-226 


Ra226 


Ra-226 


Ra-226 


Ra-226 


Ra-226 


Ra-226 


Ra-226 


Uranium 


*■/' 


Uranium 


*/- 


Uranium 


+/- 


Arse rue 




Selenium 




Calcium 


*i- 


Calcium 




Diss. 


Susp. 


Total 


Diss- 


Susp. 


Total 


Diss. 


Susp, 


Total 


ug4- 




ug/L 




ugJL 




ug/L 




ug/L 












May 


May 


May 


AUQUSt 


August 


August 


Nov. 


Nov 


Nov. 


May 




August 




Novembai 




May 




May 




May 




August 


MM-LC 


<0.01 


<aoi 


<ao2 


<0.01 


<0.01 


<0.02 


<0.01 


<0.01 


<0.02 


0.42 


0.06 


0.45 


0.05 


0.5 


0,05 


0.5 


<W 


0,5 


<w 


21,8 


1.31 


17.3 


MM-SC 


<0.01 


<0.01 


<0.02 


<0,01 


<0.01 


<0-02 


<0.01 


<0.01 


<0.02 


1 


0.06 


1.5 


0,09 


1,51 


0,11 


0.5 


<w 


0.6 


<w 


27.7 


1.66 


37.6 


MM-lTop 


<aoi 


<0,0I 


<0.02 


<0,01 


<0,01 


<0.02 


<0.01 


<0,01 


<0,02 


12.7 


1 


6.99 


0,67 


19.9 


1,42 


0,5 


<w 


0.5 


<w 


44,4 


2.67 


30.6 


MM- 1 Bottom 


<:0.01 


<0.01 


<0.02 


<0,01 


<0,01 


<0.02 


<0.01 


<0.01 


<0.02 


41,1 


3,66 


35.1 


2,31 


20,4 


1,18 


0,5 


<w 


0.5 


<w 


110 


6.6 


109 


MM-2 Top 


<0.01 


<0.01 


<0.02 


<0.01 


<0,01 


<0,02 


<0.01 


<0.01 


<0.02 


13.9 


1.3 


7.35 


0.46 


20.1 


1.09 


0,5 


<w 


0.5 


<w 


44,3 


2-66 


30,6 


MM-ZSottom 


<0.01 


0.07 


0.O8 


<0.01 


0.02 


0.03 


<0.01 


<0.01 


<0.02 


48.B 


3.77 


68.4 


4,06 


46,2 


2.8 


0.5 


<w 


0.5 


<w 


105 


6-28 


159 


MM-3 


<0.01 


<0.01 


<0.02 


<0.01 


<0.01 


<0.02 


<0.01 


<0,01 


<0.02 


14.5 


1.26 


6.7 


0.4 


16,4 


1.14 


0.5 


<w 


0.5 


<w 


45,9 


2.75 


29,1 


MM-4 


0.02 


<0.01 


0.03 


0,02 


<0.01 


0,03 


0,01 


<0.01 


0.02 


25.6 


1.68 


24 


1,37 


38.3 


i.de 


0.5 


<w 


0.5 


<w 


45.7 


2,74 


33.9 


MM- 5 Top 


0.03 


<0.OI 


0-04 


0,02 


<0.01 


0-03 


0,01 


<0,01 


0.02 


23.8 


2,24 


43,6 


2,54 


55,7 


3.46 


0.5 


<w 


0.5 


<w 


50,2 


3,01 


42.9 


MM- 5 Bottom 


0.22 


0.05 


0.27 


0,37 


0.01 


0.38 


0,05 


<0,01 


0.06 


123 


7,36 


88,3 


4,43 


63,7 


5,11 


0.5 


<w 


0.5 


<w 


217 


13.02 


236 


MM-6 


0.03 


<0.01 


0.04 


0.02 


<0,OI 


0.03 


0.02 


<0.01 


0.03 


30.5 


2,88 


49,5 


3,91 


60 


3.34 


0.5 


<w 


0,5 


<w 


52.6 


3,15 


43.1 


MM-6 Bollom 


n.s. 


n.s. 


n.s. 


0,15 


<0.01 


0.16 


n.s. 


n.«. 


n.s. 


n.s. 




61,2 


3.09 


n,B 




n.s. 




as. 




as. 




57.8 


UM-7 


0.03 


<0.01 


0.04 


0,03 


<0.01 


0,04 


0.02 


<0.01 


0.03 


51,1 


4.3B 


47.4 


2,51 


56,2 


3,31 


0.5 


<w 


0,5 


<w 


53,3 


3.2 


44.9 


UM-e 


0.04 


<aoi 


0.05 


0,02 


0.03 


0,05 


0.01 


<0.01 


0,02 


42,8 


3,05 


41,2 


2,2 


41,6 


2,24 


0.5 


<w 


0,5 


<w 


49,3 


2,96 


41.5 


MM-9 


0.02 


<0.01 


0.03 


0,03 


<0.01 


0,04 


0.03 


<0.01 


0,04 


35 


2,05 


30.6 


1,86 


43,1 


2,34 


0.5 


<w 


0.5 


<w 


45,4 


2.73 


39,2 


MM- 10 


0.02 


<0.01 


0.03 


0,02 


<0.01 


0.03 


<0.01 


<aoi 


<0.02 


19.2 


1.26 


21,4 


1.64 


15,3 


1.13 


0.5 


<w 


0.5 


<w 


42.7 


2.56 


37.9 


MM- 11 


0.02 


<aoi 


0.03 


0,01 


<0,01 


0,02 


<0,01 


<0.01 


<0.02 


19,5 


1.5 


as. 




14.4 


0,87 


0.5 


<w 


as 


<w 


41,4 


2 48 




MM- 12 


<0.01 


<0.01 


<0.02 


<0.01 


<0.01 


<0,02 


<0.01 


<0,01 


<0.02 


2.97 


0.25 


2.35 


0.2 


7.08 


0,75 


0.5 


<w 


as 


<w 


16.3 


0.98 


14.9 


DM-LC 


<0.01 


<0.01 


<0.02 


<0.01 


<0.01 


<0,02 


<0.01 


<0.01 


<0.02 


0.15 


0.03 


0.28 


0,05 


0,09 


0,05 


0,5 


■eW 


as 


<w 


3,33 


0,2 


acs 


DM-^ 


<0.01 


<0.01 


<0.02 


<0.01 


<0.01 


<0.02 


<0,01 


<0.01 


<0.02 


0.27 


0.02 


0.64 


0,06 


0.19 


0,05 


0.5 


<w 


as 


<w 


10,6 


a63 


14,4 


DM-1 


<0.01 


<0.0l 


<0.02 


<0.01 


<0.01 


<0.Q2 


<0,01 


<0.01 


<0.02 


0.14 


0.02 


0.15 


om 


0.12 


0,05 


0,5 


<w 


as 


<w 


ase 


0.21 


3,05 


DM-2 


0.17 


<0.01 


0.16 


0.O5 


<O.0I 


0.06 


0.08 


<0,01 


0,09 


0.45 


0.04 


0.7 


0,07 


0.82 


0.06 


0.5 


<w 


as 


<w 


30.3 


1,82 


23.3 


OM-3 Top 


0.16 


<0.01 


0.17 


0.05 


<0,01 


0,06 


0.1 


<0,01 


0.11 


0.45 


0-04 


0,68 


0.07 


0.8 


0,06 


0,5 


<w 


as 


<w 


30,6 


1.84 


21,9 


DM-3 Bottom 


0.57 


0.01 


0,58 


0.37 


<0,OI 


0.38 


0.11 


<0,01 


0,12 


1,44 


0,15 


1,82 


0.16 


0.8 


0.07 


0.5 


<w 


as 


<w 


32.9 


1.97 


32.1 


DM-4 


0.09 


<0.01 


0.1 


0.07 


<0,01 


0.08 


0.05 


<0,01 


0.06 


0.79 


0.08 


0.67 


0.00 


o.az 


0.1 


0.5 


<w 


as 


<w 


26.1 


1.57 


22.2 


DM-5 


0.07 


<0.01 


0.08 


0.2 


<0.01 


0.21 


0-03 


<0-01 


0.04 


0.68 


0.07 


1,05 


0,1 


1.09 


0.06 


0.5 


<w 


as 


<w 


23 


1.38 


21 


DM-6 


0.07 


<0.01 


0.06 


0.07 


<0.01 


0.08 


0.03 


<0.01 


0.04 


0.62 


0.07 


0.77 


0.08 


0.95 


0.08 


0.5 


<w 


as 


<w 


22.9 


1-38 


20.3 


DM-8 


<0.01 


<0.01 


<0.02 


<0.0I 


<0.01 


<0.02 


0.03 


<0.01 


0.04 


0.21 


0.02 


023 


0.05 


1.21 


0,1 


0.5 


<w 


as 


<w 


9,26 


a56 


8.47 


DM- 9 


<0.01 


<0.01 


<0.02 


<0.01 


<0,01 


<0.02 


<0.01 


<0,01 


<0,02 


0.15 


0,02 


0,16 


0,05 


0,14 


0.05 


0.5 


<w 


as 


<w 


8.68 


a52 


8.2 


DM- 10 


<0.01 


<aoi 


<0.02 


<0,01 


<0,01 


<0.02 


<0.01 


<0,01 


<0,02 


0.1 


0.01 


0,13 


0,05 


0.09 


0.05 


0.5 


<w 


a 5 


<w 


8.66 


0.52 


8,43 


DM- 11 


<aoi 


<0.01 


<0,02 


n,s. 


n,6. 


n.s 


n.6. 


fl,S. 


n,s. 


0.1 


0.02 


n.s. 




n.s. 




0.5 


<w 


a5 


<w 


8,71 


0.52 


n.8. 


BM-LC 


<0.01 


<0.01 


<0-02 


<0,01 


<0.01 


<0,02 


<0.01 


<0,01 


<0,02 


0,04 


0,02 


0.1 


0.05 


o.oa 


0,05 


0.5 


<w 


ae 


<w 


3.61 


022 


3,23 


BM-1 Top 


<0.01 


<0.01 


<0.02 


<0,01 


<0.01 


<0.02 


<0.01 


<0.01 


<:0.02 


0.05 


0.01 


0.15 


0.06 


0.08 


O.C» 


0.5 


<w 


as 


<w 


3,85 


a23 


a26 


BM-1 Bottom 


n.8. 


n.s. 


n.s. 


0.01 


<0.01 


0.02 


n.s. 


n.s. 


n.S, 


n,s. 




0,2 


0,05 


n.s. 




as. 




n.s. 




as. 




4,74 


BM-2 


0,8 


<0,01 


0.81 


n.s. 


n.s. 


n.s. 


n.s. 


n-s. 


n.s. 


0.37 


0.04 


n,8. 




n.s. 




as 


<w 


as 


<w 


23,7 


1,42 


n.s. 


BM-3 


<0.01 


<0.01 


<0.02 


<0.01 


<0.01 


<:0.02 


n.s. 


n.8. 


n.s. 


0.05 


0.02 


0.09 


0,05 


n.s. 




0,5 


<w 


05 


<w 


3.76 


0,23 


3,29 


BM-4 


0.44 


0.11 


0.55 


0.37 


<0.OI 


0.38 


0.32 


<0,01 


0.33 


5.75 


0.58 


fi.56 


0.S4 


12,6 


0.74 


0.5 


<w 


a5 


<:W 


98.9 


5,94 


106 


BM-6 


0.03 


<0.01 


0.04 


0.01 


<0,01 


0.02 


0-02 


<0.01 


0,03 


1,1 


0.08 


8.17 


0,46 


1.96 


0.13 


0.5 


<w 


as 


<w 


6,49 


0.39 


5.18 


BM-7 Top 


0.02 


<aoi 


0,03 


0.01 


<0.01 


0.02 


0.02 


■eO.OI 


0.03 


t.1 


0.09 


0.98 


0,09 


1.1 


0,08 


0,5 


<w 


as 


<w 


11.5 


0.69 


11.7 


BM-7 Bottom 


n.s. 


n.s. 


n.s. 


0.04 


<0.01 


0,05 


n.s. 


n.s. 


n.8. 


n.s. 




0.89 


0,11 


n.s. 




as. 




n.s. 




as. 




11.6 


8M-8 


0.02 


<0.01 


0.03 


<0.0t 


<0.01 


<0,02 


<0,01 


<o.oi 


<0.02 


0.38 


0.05 


0,35 


0,05 


0.25 


0.06 


0.5 


<w 


as 


<w 


9.8 


0.59 


8.88 


6M-9 


0.02 


<0.01 


0.03 


<0.01 


<0,01 


<ao2 


<0.01 


<0.01 


<0.02 


0.15 


0.02 


0.16 


0,05 


0.15 


0,05 


0,5 


<w 


as 


<w 


10,2 


0,61 


9.24 


BM-10 


0.01 


<0.01 


0.02 


<0.01 


<0.01 


<0.02 


<0.01 


<0.01 


<ao2 


0.36 


0.03 


0.28 


0.05 


0.22 


0.05 


0.5 


<w 


as 


<w 


11 


a66 


10,6 


BM-11 


<0.01 


<0.01 


<0,02 


<0.01 


<:0.01 


<0,02 


n.S, 


n.s. 


n.s, 


0.35 


0.03 


0,28 


0.05 


n.8. 




0.5 


*w 


as 


<w 


11.1 


0,66 


10.4 


PWQO 


1 
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100 (5M 




100 




na 







Table 3: 





Calcium 


*/- 


Conduct. 


Conduct, 


Conduct. 


pH 


pH 


pH 


Alkalinity 


"4: ammoni 


■■I: ammonia 




N: ammonia 


N:nilritB 




N:nttnte 




N: nitritB 




N: nitrate 








uS/cm 


uS/cm 


uS/cm 








mp/LCaCO 


>a m m oniu r»-a m m on mm 




+4mmanium 














+ nil rile 




Novembe 




May 


Augusl 


November 


May 


Augusl 


Novembsr May 


May 


August 




Novembei 


May 




August 




Novsmber 




May 


MM-LC 


21.8 


1.31 


245 


221 


264 


7.82 


8.18 


7.53 


48 


0.088 


0,016 




0.1 


0.006 




0.005 




0.004 


<T 


0.292 


Mnfl~Ov 


27.5 


l.ffi 


162 


224 


185 


7.86 


7.58 


7.72 


71 


0.022 


D.044 




0.008 <T 


0.001 


<W 


0,003 


<T 


0,004 


<T 


0.005 <W 


MM-lTop 


S3.9 


3.23 


369 


282 


505 


7.92 


7.89 


7.68 


64 


0.044 


0.016 




0.072 


0.003 


<r 


0,001 


<w 


0.003 


<T 


0.094 


MM- 1 Bottom 


53,8 


3,23 


834 


9G9 


506 


7.38 


7.24 


7,68 


835 


0,2W 


0.476 




0.068 


0.012 




0,002 


<T 


0.004 


<T 


0.092 


MM-2 Top 


57.9 


3.48 


366 


280 


507 


7.92 


7.87 


7.71 


63.5 


0.038 


0.012 




0.064 


0.003 


<T 


0,002 


<T 


0.004 


<T 


0.1 


MM-2Banom 


89.9 


5.39 


808 


1200 


823 


7-39 


7.13 


7.19 


76.5 


0,12 


0.494 




0.316 


0,009 




0,002 


<T 


0,009 




D.177 


MM-3 


51 


3,06 


389 


279 


483 


7.8 


7.53 


7.63 


53.5 


0.036 


0.024 




0.028 


0.003 


<T 


O.MI 


<W 


0.004 


<T 


0.071 


MM4 


60.7 


3.04 


392 


332 


490 


7.7 


7.46 


7.61 


57.5 


0.024 


0.04 




0,036 


0.003 


<T 


0.002 


<T 


0.004 


<T 


0.09 


MM-5 Top 


S3.5 


3,21 


424 


393 


485 


7.82 


7.81 


7.7 


55 


0.028 


0.054 




0.07 


0-003 


<T 


0.002 


<T 


0.002 


<T 


0.085 


MM-E Bottom 


134 


8.05 


1580 


aoso 


1090 


7,64 


7.26 


7.12 


278 


5.2S 


10.4 




1.38 


0.015 




0,006 




0.003 


<T 


0.135 


MU-8 


49.S 


2.97 


437 


395 


441 


7.88 


7,95 


7.78 


57 


0.04 


0.044 




0.04 


0.002 


<J 


0.002 


<T 


0.002 


<T 


0.084 


MM-6 Bottom 


n.s. 




n.s. 


499 


n.s. 


n.s. 


7,29 




n.s. 


n,s. 


0.166 




n.s. 


n.s. 




0.018 




n.s. 




n.s. 


MM-7 


44.8 


2.69 


437 


^2 


431 


7,9 


8.02 


7.74 


56 


O.034 


0.008 


<T 


0.04 


0.003 


<T 


0.002 


<T 


0.004 


<T 


0.081 


MU'8 


40.5 


2.43 


394 


379 


400 


7,85 


7.86 


7.73 


57 


0.024 


0.012 




0.054 


0.004 


<T 


0.001 


<W 


0.003 


<T 


O.OB 


MM-9 


41.4 


2.48 


365 


358 


398 


7,88 


7.62 


7.66 


56 


0.06 


0.028 




0,052 


0.003 


<T 


0,002 


<T 


0.008 




0.054 


MM. 10 


34 


2.07 


318 


333 


286 


7 83 


7.61 


7.76 


83.5 


0,028 


0.016 




0.048 


0.003 


<T 


0.004 




0,003 


<T 


0.036 


MM- 11 


31.6 


1,9 


316 


n.s. 


n.s. 


8.04 




aa. 


84 


0.02 


n,s. 




n.s. 


0.003 


<T 


n.s. 




n,e. 




0.019 


MM-12 


23.3 


1,4 


135 


139 


195 


7,8 


7.87 


7.72 


36.5 


0.028 


0.024 




0,026 


0.003 


<T 


O.lXfi 


<T 


0.004 


<T 


0.029 


DM-LC 


3.01 


0,18 


30 


29 


30 


7 


7.04 


6.82 


7.5 


0.036 


0.016 




0.008 <T 


0.003 


<T 


0,001 


<W 


0,002 


<T 


0.026 


DM-SC 


9,53 


0.57 


90 


118 


95 


7.21 


6.87 


7.22 


27.5 


0,032 


0,012 




0.008 <T 


0.003 


<T 


0,003 


<T 


0,002 


<T 


0.008 <T 


DM-! 


3,06 


0,18 


31 


30 


32 


6.69 


6.86 


6.76 


7,5 


0.024 


0.008 


<T 


0.018 


0.001 


<W 


0,001 


<W 


0.002 


<T 


0.029 


DM-2 


26.7 


1.6 


195 


160 


199 


7.13 


7.13 


7.17 


12,5 


0.044 


0.012 




0.12 


0.002 


<T 


0.001 


<w 


0.01 




0.04 


DM- 3 Top 


27.5 


1.65 


194 


153 


197 


7.14 


7.1 


7.19 


11.5 


0.052 


0016 




0.124 


0.003 


<T 


0,001 


<w 


0.01 




0.04 


DM- 3 Bottom 


27.2 


1.63 


211 


215 


197 


6.83 


6.71 


7.14 


t1 


0.168 


0.396 




0.128 


0.001 


<W 


0.004 


<T 


0,011 




0,061 


DM-4 


22.6 


1.36 


172 


151 


170 


7.18 


6.84 


7.2 


17 


0,052 


0.01 




0.062 


0.001 


<W 


0.002 


<T 


0.06 




0,03 


OM-5 


17.7 


1.06 


157 


144 


140 


7.21 


6.66 


7i 


18,5 


0.022 


0.012 




0.012 


0.001 


<W 


0,001 


<W 


0,003 


<T 


0.008 <T 


DM-6 


15.5 


0.93 


151 


141 


128 


7,23 


7,16 


7.25 


26 


0.016 


0.004 


<T 


0.016 


0.002 


<T 


0.002 


<T 


0,003 


<T 


0.005 <W 


DM-8 


16,4 


0.98 


59 


58 


130 


7.33 


7.29 


7.42 


17 


0.038 


0.028 




0.012 


0.004 


<1 


0.002 


<T 


0,003 


<T 


0.084 


DM- 9 


7.77 


0.47 


57 


S9 


61 


7.39 


7.43 


7.25 


16 


0.032 


0.02 




0.016 


0.002 


<T 


0.001 


<Vi 


0.003 


<T 


0.096 


DM-10 


B.26 


0,6 


56 


58 


59 


7.45 


7.47 


7.32 


17 


0.048 


0-006 


<T 


0.012 


0.003 


<T 


0.001 


<w 


0.002 


<T 


0.11 


DM-11 


n.s. 




56 


n,s. 


n.s. 


7.45 


n.8. 


n.a. 


IB 


0.04 






n.s. 


0.002 


<T 


n.s. 




n.s. 




0.107 


BM-LC 


3.32 


0,2 


41 


42 


45 


6.83 


6.87 


6.73 


6.5 


0.038 


0.016 




0.036 


0.002 


<T 


0.004 


<T 


0.004 


<T 


0.005 <W 


BM-lTop 


3.87 


0.23 


49 


47 


51 


6.9 


696 


6.7 


6,5 


0.048 


0.008 


<T 


0.0B2 


0.003 


<T 


0,004 


<T 


0.004 


<T 


0.011 <T 


BM-1 Bottom 


n.s. 




n,s. 


76 


n.s. 


n.s. 


6.39 


n.s. 


n.8. 


n.s. 


1 




n.s. 


n.s. 




0.024 




n.s. 




n.s. 


BM-2 


n.s. 




157 


n.s. 


n.s. 


6.79 


n.s. 


n.s. 


7.5 


0.052 


n.s. 




n.s. 


0.002 


<T 


n.s. 




n.s. 




0.008 <T 


BM-3 


n.s. 




46 


45 


n.s. 


6.86 


6.92 


n.s. 


6 


0.052 


0.OO4 


<T 


n.s. 


0.003 


<T 


0,001 


<W 


n.s. 




0.014 <T 


BM-4 


154 


9.26 


615 


731 


n.S- 


73 


7.22 


7,16 


195 


0,024 


0,032 




0.076 


0.003 


<T 


0,001 


«;W 


0,003 


<T 


0.026 


BM-6 


16,6 


1 


66 


56 


1020 


695 


6.71 


6.92 


7 


0.044 


0.006 


<T 


0.024 


0.003 


<T 


0,001 


<W 


0.002 


<T 


0-023 <T 


BM-7Top 


12.2 


0,73 


98 


106 


162 


7,54 


7.62 


7.4 


24 


0.052 


0.006 


<T 


0,036 


0.O04 


<T 


0,001 


<w 


0.004 


<T 


0.064 


BM-7 Bottom 


n,s. 




n.s. 


105 


114 


n.s. 


6.92 


n.s. 


n.s. 


n.8. 


0,002 


<W 


n.s. 


n.s. 




0.001 


<w 


n.8. 




n.8. 


BM-8 


9,03 


0.54 


91 


92 


r.s. 


7.56 


7.59 


7.51 


22 


0.036 


0.002 


<W 


0.016 


0.003 


<T 


0.001 


<w 


0,002 


<T 


0.058 


BU-9 


9.12 


0,55 


92 


93 


94 


7.68 


7.74 


7.45 


26 


0.03 


0.002 


<w 


0.01 


0.003 


<T 


0.001 


<w 


0,002 


<T 


0,019 <T 


BM-10 


10.3 


0.62 


98 


102 


94 


7.68 


7.68 


7.58 


25.5 


O.034 


0,022 




0.014 


0.002 


<T 


0.001 


<w 


0,002 


.;T 


0,046 


BM-11 


n.s. 




98 


102 


102 


7.67 


7,73 


n.s. 


25 


0.044 


0.008 


<T 


n.s. 


0,003 


<T 


0.001 


<w 


n,s. 




0.05 


PWQO 






na 






narrativea 






20b 










0.06c 












narralived 



Table 3: 





N: nilrata 


N: niltala 


Phosphorus 




Pho6pho(us 




Phosphorus 




Al 


t 


Al 




Al 


± 


Ba 


t 


Ba 


1 Ba 


± 


Be 


£ 




■•- nitrite 


+ nitrite 


phosphate 




phosphate 




phosphate 




ugil 




ug/L 




ugA. 




ugfi 




ug/1- 


ug4. 




ug/L 






August 


Novembet 


May 




August 




November 




May 




August 




November 




May 




August 


November 




May 




MM-tC 


0.155 


0.155 


aooos 


<W 


aooos 


<w 


aoce 


<T 


9.14 


3 


55 




9.46 


3 


41.6 


1,7 


36 


49.2 


2 


0,00526 


a 03 


UM-SC 


0.006 


0,03 


0.0O1 


<T 


aooo5 


<w 


0.002 


<T 


20.7 


3 


25 


<1 


16.7 


3 


31.2 


1.2 


52 


33 


1.3 


0-00555 


a 03 


MM- 1 Top 


0,005 


0,031 


aocs 


<T 


CL0005 


*w 


0.001 


<T 


8.66 


3 


45 


<T 


10.2 


3 


27 


1.1 


28 


28.8 


1.2 


0,00329 


a 03 


MM-lBoltom 


O.OOS 


0.033 


0.003 




0.O02 


<T 


0.001 


<T 


27.9 


3 


255 




6.44 


3 


37 


1.5 


31 


28.8 


1.2 


0.0202 


a 03 


MM-2 Top 


0.005 


0.029 


0.001 


<T 


0.0006 


<w 


0.OO! 


<T 


10.2 


3 


55 




16-2 


3 


26.5 


1.1 


26 


30-6 


1.2 


0.00864 


a 03 


MM-2Botlocri 


0.008 


0.009 


<T 0.001 


<T 


0.O006 


<w 


0.001 


<T 


122 


9 


910 




241 


17 


36.1 


1.4 


37 


41-2 


1.6 


a045S 


0.03 


MM-3 


0.005 


O029 


O.OOl 


<T 


0.0O05 


<w 


0.001 


<T 


14.1 


3 


70 




10.6 


3 


27 


1.1 


2S 


29,9 


1.2 


a0047 


a 03 


MM'4 


0,033 


0.074 


0.001 


<T 


0.0005 


<w 


aoo2 


<T 


1B.S 


3 


195 




8.87 


3 


30.9 


1.2 


35 


33,7 


1.3 


aoioe 


ao3 


MM-5 Top 


0.015 


0036 


0.001 


<T 


o.oore 


<w 


0.0005 


<W 


6-57 


3 


100 




ia7 


3 


26.1 


1.1 


28 


29.8 


1.2 


aoioi 


a 03 


MM-5 Bottom 


0.005 


0.022 


<T 0.003 




0.0005 


<w 


0.003 




15.0 


3 


1230 




16.4 


3 


44.9 


1.8 


65 


33.1 


1.3 


0.0492 


ao3 


UM-6 


0.008 


0.038 


0.001 


<T 


0.0005 


<w 


0.0005 


<w 


6.87 


3 


140 




11.7 


3 


27-1 


1.1 


28 


29.3 


1,2 


a0067 


ao3 


MU-6 Bottom 


0.032 


n.s. 


n.s. 




0.0005 


<w 


n.B. 




n.a. 




145 




n.s. 




n.s. 




3S 


n.s. 




n.B. 




UM-7 


0.008 


0.036 


0.001 


<T 


0.0005 


<w 


0,0005 


<w 


e.i 


3 


140 




0.74 


3 


27.8 


1.1 


28 


27.5 


1.1 


0.014 


ao3 


MM-e 


0.017 


0.088 


0.001 


<T 


0.0006 


<w 


0.0006 


<w 


10.3 


3 


125 




8.06 


3 


31,7 


1.3 


34 


37.1 


1.5 


0.0117 


ao3 


MM-g 


0.006 


0.08 


0.001 


<T 


00005 


<w 


0.0005 


<w 


10.7 


3 


90 




74.2 


5 


32.9 


1.3 


35 


3S.6 


1.6 


a0134 


ao3 


MM- 10 


0.029 


0.073 


0.001 


<T 


0.0005 


<w 


0.0005 


<w 


18.1 


3 


115 




15.8 


3 


39,6 


1.6 


39 


36.1 


1,5 


aoi&a 


ao3 


MM- 11 


n^. 


n.s. 


0.001 


<T 


n.s. 




n.s. 




18 


3 


n.s. 




20.2 


3 


39,3 


1-6 


n.s. 


35.7 


1,4 


0.00639 


ao3 


MM- 12 


0.012 


0.073 


0.001 


<T 


0.0005 


<w 


0.0005 


<w 


13.4 


3 


75 




14.8 


3 


18.4 


a? 


20 


28 


1.1 


00078 


ao3 


DM-LC 


0.005 


0.014 


<J O.OOl 


<T 


0.002 


<T 


0.0005 


<w 


7.58 


3 


5 


<W 


4.61 


3 


7.71 


as 


7 


cT 7.26 


a3 


0.003S7 


ao3 


DM-SC 


0.012 


0.021 


<T 0.001 


<T 


0,002 


<T 


0.001 


<T 


30 


3 


315 




24.1 


3 


17.9 


a? 


34 


15.6 


ae 


00117 


ao3 


DM-1 


0.012 


0.031 


0.OO1 


<T 


0.002 


<T 


0.003 




11.4 


3 


65 




B.08 


3 


8.56 


a3 


9 


cT 7.86 


a 3 


0.00921 


ao3 


DM-2 


0.005 


0.036 


0.001 


<T 


0.002 


<T 


0.0005 


<w 


16.7 


3 


210 




12 


3 


15.1 


a 6 


14 


16,3 


0,7 


00123 


a 03 


DM-3 Top 


0.005 


0.037 


0,001 


<T 


0002 


<T 


0.001 


■=T 


215 


3 


5 


<w 


14.4 


3 


15.4 


a6 


12 


16.7 


a 7 


a 0202 


003 


DM-3 Botlom 


0.162 


0.041 


0.001 


<T 


0.002 


<T 


aooi 


<T 


53.1 


4 


45 


<T 


11.3 


3 


17.2 


a 7 


24 


16.6 


a7 


0,0258 


a 03 


DM-4 


0.01 


0.032 


0.003 




0.002 


<T 


0.0005 


<W 


16,6 


3 


65 




12.5 


3 


14.8 


0.6 


16 


15,4 


ae 


aoi23 


a 03 


DM-5 


0.005 


0.03 


0.004 




0,002 


<T 


0.0005 


<W 


12.1 


3 


290 




27.1 


3 


16.1 


a6 


23 


12,5 


as 


00112 


ao3 


DM- 6 


0.005 


0.039 


0.002 




0.002 


<T 


0.0005 


<w 


17.4 


3 


175 




35.1 


3 


17,6 


a7 


21 


12.1 


05 


aotoe 


0,03 


DM- 8 


0,012 


0.065 


0.004 




0001 


<W 


0.0005 


<w 


27.2 


3 


35 




54.4 


4 


15.7 


ae 


18 


13,5 


as 


0.OO78 


0,03 


DM- 9 


0.011 


0.099 


0.003 




O001 


<T 


0,001 


<T 


23.9 


3 


45 


<T 


13,7 


3 


14.5 


ae 


16 


14.6 


06 


0.007S2 


0,03 


DM- 10 


0.006 


0.082 


0.003 




0,001 


<T 


0,0005 


<W 


21.2 


3 


5 


<W 


11.1 


3 


14.3 


ae 


16 


15.B 


06 


0,00526 


ao3 


DM-11 


r.a. 


n.s. 


0.003 




n.s. 




n.s. 




22.2 


3 


n.s. 




n.s. 




14.3 


ae 


n.B. 


n.8. 




0.00555 


a 03 


BM-LC 


0.005 


0.022 


<T 0.003 




OO005 


<W 


0.0005 


<W 


35.4 


3 


55 




22.8 


3 


13,5 


as 


14 


13,9 


0-6 


a0148 


a 03 


BM-1 Top 


0.005 


0.019 


<T 0.004 




0.000S 


<w 


0.001 


<T 


30.1 


3 


105 




28.3 


3 


13,6 


ae 


14 


15.6 


0.6 


aoo78 


ao3 


BM-1 Boltom 


0.03 


n.s. 


n.s. 




0.08 




n.s. 




n.s. 




160 




n.s. 




n.8. 




26 


n.s. 




n.s. 




BM-2 


n,s. 


n.s. 


0.003 




n.s. 




n.s 




83.6 


6 


n.3. 




n.s. 




14.9 


0.6 


n.s. 


n.a. 




0.21 


ao3 


BM-3 


0.014 


n.s. 


0.OO3 




0,0005 


<w 


n.s. 




30.2 


3 


30 


<T 


n.8. 




13.6 


a5 


13 


n.s, 




aoii2 


ao3 


BM-4 


0.046 


0.093 


0.003 




0.001 


<T 


0,001 


<T 


169 


12 


240 




183 


13 


12 


0.5 


14 


18.6 


a7 


0.322 


ao3 


BM-6 


0,022 


0.041 


0.003 




0.001 


<T 


ttOOl 


<T 


44.3 


3 


345 




28.8 


3 


13,1 


as 


19 


13.7 


as 


0,0247 


003 


8M-7 Top 


0006 


0.111 


0.003 




0,001 


<T 


aooi 


<J 


201 


3 


100 




6,89 


3 


16,6 


0.7 


17 


19.1 


08 


a0129 


ao3 


BM-7 Bottotn 


0272 


n.s. 


n.8. 




0,001 


<T 


n,s. 




n.s. 




40 


<T 


n,8. 




n.s. 




16 


n.s. 




n.s. 




BM-8 


0.005 


0038 


0.003 




0.004 




aooi 


<T 


12.2 


3 


35 


<T 


6,11 


3 


13.1 


05 


14 


13.5 


as 


0-0(»67 


ao3 


BMg 


0.005 


0031 


0.OO3 




aooi 


<T 


aooi 


<T 


4.28 


3 


25 


<T 


4.24 


3 


13,2 


as 


14 


13.8 


06 


0.0016 


ao3 


BM-10 


0.005 


0.011 


<T 0.003 




0,001 


<T 


aoo3 




6.55 


3 


25 


<T 


4,38 


3 


13,2 


as 


14 


14.2 


ae 


0.00667 


0.03 


BM-11 


0-OO5 


n.s. 


0.OO4 




0.001 


<T 


n.s. 




5.S4 


3 


15 


<T 






13,4 


as 


14 


n.s. 




0.00667 


a 03 


PWQO 






10/20/30e 












75' 












1000c 










11/1100t 





Table 3: 



Be ± 


Bo 


* 


Cd 


* Cd 


Cd 


* 


Co 


t Co 


Co 


± 


Cr 


I Cr 




Cr ± Cu 


X 


ugA. 


ug/L 




og/L 


ugrt_ 


ug/L 




ijg>L 


uflA. 


ug^ 




ugA- 


ug/L 




ugfl- 


ug/L 




August 


November 




May 


Au 


3ust 


Novembet 




May 


August 


November 




May 


August 




November 


May 




MM-LC 


<W 


0.00554 


0.03 


0.0596 


0,6 


<W 


0.32 


0-9 


0.00268 


1,5 


<W 


0,0174 


1.5 


0.0341 


1 


<W 


o.sre 


0.195 


0.6 


MM-SC 


<w 


0,0053 


003 


0.301 


0.6 


<W 


0292 


09 


0.0686 


1.5 


<W 


0.307 


1.5 


0323 


1 


<w 


0,0562 


0255 


0.6 


MM- 1 Top 


<w 


0.00901 


003 


0.311 


0.6 


<w 


0.163 


0.9 


0335 


1.5 


<w 


0.596 


1.5 


0.165 


1 


<w 


1.28 


0.0^9 


06 


MM- 1 Bottom 


<w 


0.0116 


003 


0.0725 


0.6 


<\N 


0.509 


09 


0484 


1.5 


<w 


0.328 


1.5 


0.13 


2 


<T 


0.0688 


0345 


0.6 


MM-2 Top 


<w 


0.0112 


0,03 


0.045 


0.6 


<W 


0.208 


09 


0.173 


1,5 


<w 


0.2B9 


1,5 


0.00659 


1 


<w 


0.242 


O028 


0.6 


MM-2Bot1om 


<w 


0.0754 


0.03 


0,24 


0.6 


<W 


0-297 


09 


0.611 


1.5 


<w 


0.514 


1.5 


0.57 


I 


<w 


0.976 


0919 


0.6 


MM- 3 


<w 


0.0101 


O03 


0.0B34 


0.6 


<w 


0.193 


0.9 


0382 


1,5 


<w 


a406 


1.5 


0131 


1 


<w 


0.259 


0,16 


0.6 


MM-4 


<w 


0.0112 


003 


O202 


0.6 


<w 


O039 


09 


0366 


1,5 


<w 


0.308 


1,5 


0.213 


1 


<w 


0,464 


0.512 


0.6 


MM-5 Top 


<w 


0.0183 


003 


0268 


0.6 


<w 


0.229 


0.9 


0155 


1,5 


<w 


0.386 


1.5 


0.193 


1 


<w 


0456 


0.313 


0.6 


MM- 5 Bollom 


2 <T 


0.0402 


0O3 


0.274 


0.8 


<w 


0.291 


0.9 


0-75 


1.5 


<w 


0.645 


1,5 


0563 


1 


<w 


0,166 


0464 


0.6 


MM-6 


<w 


0.0138 


0,03 


0.0343 


0.6 


<w 


0.25 


0.9 


0.107 


1.5 


<w 


1.24 


1.5 


0.173 


1 


<w 


0.0717 


0.0073 


0.6 


MM-6 Bollom 


*w 


n.s. 




n.s. 




<w 


n.s. 




n.s- 




<w 


n.s. 




n.s. 


1 


<w 


n.s. 


n.s. 




MM- 7 


<w 


0,0164 


0,03 


0,16 


06 


<w 


0.108 


0,9 


0,335 


1,5 


<w 


0.341 


1.5 


00272 


1 


<w 


0.00348 


0.0318 


0.6 


MM-e 


<w 


0.0138 


0.03 


0,212 


06 


<w 


0.145 


09 


0.0673 


1.5 


<w 


0.334 


1.5 


0.549 


1 


<w 


0.0632 


O022 


0.6 


MM-9 


<w 


0.0169 


0,03 


0098 


0.6 


<w 


0.312 


09 


0428 


1.5 


<w 


0.109 


1.5 


0.000275 


1 


<w 


0,133 


0345 


0.6 


MM-10 


<w 


0,00901 


0.03 


0,23 


06 


<w 


0.0664 


0.9 


0.588 


1.5 


<w 


0242 


1.5 


0213 


1 


<w 


0.422 


0.136 


0.6 


MM-11 n 


5. 


0.00975 


0,03 


0-101 


06 n 


s. 


0.165 


09 


00224 


1.5 n 


s. 


0.125 


1.5 


0.419 


n.s. 




00818 


0.261 


0.6 


MM- 12 


<w 


0.00938 


0-03 


0.312 


0.6 


<w 


0,0178 


09 


0145 


1.5 


<w 


0.0734 


1.5 


0.391 


2 


<T 


0.439 


0106 


0.6 


DM-LC 


<w 


0.00159 


0.03 


0.102 


0.6 


<w 


0.166 


0.9 


0,345 


1.5 


<w 


0.152 


1.5 


0.00659 


4 


<T 


0.311 


0.0736 


0.6 


DM-SC 


<w 


0,00863 


O03 


0.114 


0.6 


<w 


0.13 


09 


0.052 


1,5 


<w 


0.319 


1.5 


0.13 


3 


<T 


0.0205 


0.446 


0.6 


DM-1 


<w 


0.0027 


003 


0.0557 


0.6 


<w 


0.13 


09 


0.144 


1.5 


<w 


0.152 


1.5 


0.268 


3 


<T 


0.00348 


0,04 


0.6 


DM-2 


<w 


0,00493 


003 


0.0296 


06 


<w 


0.28 


09 


0.244 


1.5 


<w 


0.255 


1.5 


O0821 


2 


<T 


0.201 


0.285 


as 


DM- 3 Top 


<w 


0.0101 


0.03 


0736 


0.6 


<w 


0,0368 


09 


0517 


1.5 


<w 


0.356 


1,5 


0426 


3 


<T 


0.125 


00878 


0.6 


DM- 3 Bottom 


<w 


0.0127 


0.03 


0.356 


0.6 


<w 


0279 


0.9 


0155 


1.5 


<w 


0.216 


1.5 


0.0209 


4 


<T 


0.116 


1.17 


0.6 


DM-4 


<w 


0,00716 


0,03 


00296 


0.6 


<w 


0333 


0.9 


0264 


1.5 


<w 


0.0191 


1.5 


0281 


3 


<T 


0.0888 


0.207 


0.6 


DM- 5 


<w 


0.0142 


O03 


0158 


0.6 


<w 


0.0674 


0.9 


0328 


1-5 


<w 


0.175 


1.5 


O0209 


2 


<T 


0.405 


O0997 


0.6 


DM-6 


<w 


0.0142 


0.03 


0.386 


0.6 


<w 


0.0593 


0,9 


0439 


t,5 


<w 


O0201 


1.5 


0.014 


3 


<T 


0.0461 


O0377 


0.6 


DM-8 


<w 


0.0186 


O03 


0,141 


0.6 


<w 


0.0888 


0.9 


0586 


1.5 


<w 


0.059 


1.5 


0.261 


1 


<W 


0.191 


0.381 


0.6 


DM- 9 


<w 


0.000477 


ao3 


0,197 


0.6 


<w 


0229 


0.9 


0.0984 


1.5 


<w 


0.424 


1.6 


0.13 


3 


<T 


0.345 


0.261 


0.6 


DM- 10 


<w 


0.00567 


ao3 


0.0739 


0.6 


<w 


0,0874 


0.9 


0191 


1.5 


<w 


0.355 


1.5 


0185 


2 


<T 


0.362 


00639 


0.6 


DM-11 n 


8. 


n.a. 




0.197 


0.6 n 


s. 


n.s. 




0188 


1,5 n 


8. 


n.s. 




00272 


n.s. 




n.a. 


0.189 


0.6 


BM-LC 


<w 


0.0053 


0.03 


aoi27 


0.6 


<w 


0173 


0.9 


00792 


1.5 


<w 


0.266 


1.6 


0.357 


1 


<W 


0.406 


0.201 


0.6 


BM-1 Top 


<w 


0.00456 


0,03 


0.101 


0.6 


<w 


O0895 


0.9 


0162 


l.S 


<w 


0.086 


1.5 


O0827 


1 


<W 


0.771 


0.034 


06 


BU-1 Bottom 


<w 


n.s. 




n.s. 




<w 


n.s. 




n.a. 




<w 


n.s. 




n.s. 


1 


<W 


n.B. 


n.s. 




BM-2 n 


s. 


n.B. 




0.0136 


0.6 n 


s. 


n,s. 




0.659 


1.5 n 


s. 


n.s. 




0,446 


n.g. 




n.s. 


1.3 


0.6 


BM-3 


<w 


n.s, 




0.0412 


ae 


<w 


n.B. 




0,172 


1.5 


<w 


n.8. 




0014 


1 


<w 


n.s. 


0.00785 


0.6 


BM-4 


<w 


O407 


ao3 


0.314 


0.6 


<vt 


0.252 


09 


0.707 


1.5 


<w 


0.252 


1-5 


0.0689 


1 


<w 


1.58 


0452 


06 


BM-6 


<w 


0.0331 


0.03 


0142 


0.6 


<w 


0.194 


0.9 


0.18 


1.5 


<w 


0.174 


1,5 


0,268 


4 


<T 


0.106 


00198 


0.6 


BM-7 Top 


<w 


0,00715 


0.03 


0156 


0.6 


<w 


0.00342 


0.9 


0.0411 


1.5 


<w 


0.277 


1,5 


0.309 


3 


<T 


0.294 


0.291 


0.6 


BM-7 Bottom 


<w 


n.a. 




n.s. 




<w 


n.s. 




n.s. 




<w 


n.s. 




n.s. 


3 


<T 


n.s. 


n.s. 




BM-S 


<w 


0.00307 


0.03 


0.183 


0,6 


<w 


0129 


0.9 


0.247 


1.5 


<w 


0.1te 


1,5 


0.117 


3 


<T 


0.251 


0.118 


0.6 


BM-9 


<w 


0.000106 


0.03 


0,117 


0.6 


<w 


0.461 


09 


0,108 


1.5 


<w 


0.716 


1-5 


00277 


2 


<T 


0.464 


0.261 


0.6 


BM-IO 


<w 


0.00493 


0.03 


0-00266 


06 


<w 


0.129 


09 


0.145 


1.5 


<w 


0.581 


1.5 


0247 


4 


<T 


0.107 


0247 


0.6 


BU-11 


<w 


n.s. 




00455 


0.6 


<w 


n.s. 




0.465 


1,5 


<w 


n.s. 




0178 


1 


<W 


n.s. 


0.291 


0.6 


PWQO 








0,1/0.5'a 










0.6' 










100 








I/5*h 





Table 3: 



Cu 


Cu X 


Fe 


. Fa 


Fe ± 


Mg 


i Mg 


Mg ± 


Mn 


± Mn 


Mn ± 


Mo 


s Mo 


ug/L 


ug/L 


ugil 


ugyl- 


ug/L 


mg/L 


mg/1. 


ug/L 


ugjt 


ug/L 


ug/L 


ug/L 


ug/L 


August 


November 


May 


August 


November 


Mav 


August 


November 


May 


August 


November 


May 


Auflusl 



MM-LC 


9 


<T 


2.94 


o,e 


30.7 


1.5 


231 


69.3 


3.5 


4.83 


0.24 


3.58 


4.91 


0.25 


8.44 


0.4 


12 


103 


5.1 


0.211 


0.B 


1 <W 


MU-SC 


6 


<T 


3.69 


0.6 


116 


5,8 


405 


166 


9.3 


2.2 


0.11 


2.68 


2.44 


0,12 


22,6 


1.1 


63 


17.2 


0.9 


0,0391 


0.8 


1 <W 


MM- 1 Top 


6 


<T 


1.11 


0.6 


52,2 


2.6 


80 


45.2 


2.3 


11.5 


0.57 


6.66 


14.8 


0.74 


43.6 


2.2 


14 


191 


9.6 


0,0391 


0.8 


1 <w 


MM- 1 Bottom 


6 


<T 


2.47 


0.6 


381 


19.1 


174 


43,5 


2.2 


31.3 


1.57 


32.4 


14.8 


0.74 


14X 


71.3 


2100 


191 


9.5 


0.556 


0.8 


1 <w 


MM-2 Top 


6 


<T 


2.84 


a6 


66,7 


3.3 


56 


46.3 


2,3 


11.5 


0.58 


6.71 


15,9 


0.79 


44.2 


2.2 


16 


212 


10.6 


0.211 


0,8 


<w 


MM-2Bonom 


5 


<T 


1.31 


0.6 


466 


23.3 


833 


4490 


224,4 


29,7 


1.48 


46,4 


25.9 


1,29 


689 


34.4 


2130 


1160 


58 


0.219 


0.8 28 


MM -3 


6 


<T 


2.27 


0,6 


65.S 


3.3 


98 


60.5 


4 


12.1 


0.61 


6.45 


14 


0.7 


37.8 


1.9 


28 


104 


5,2 


0.133 


0,8 


<w 


MM-4 


17 




2.79 


0,6 


92,9 


4.6 


162 


95.4 


4.8 


11.7 


0.59 


7,3 


13,4 


0.67 


48.4 


2.4 


70 


48.7 


2.4 


0.392 


0.B 


<w 


MM-5 Top 


5 


<T 


2.31 


0,6 


6.57 


1 


77 


56 


2.8 


12.4 


0.62 


9.6 


13 


0.65 


68 


0.1 


14 


64.5 


3.2 


0.909 


0.8 


2 <T 


MM-5 Bottom 


10 




1.69 


0,6 


12.7 


1 


367 


317 


15,8 


53.6 


2.68 


73,7 


33.1 


1.65 


6730 


336,5 


11300 


2010 


100,6 


1.25 


0.6 


7 <T 


MM-6 


9 


<T 


4.38 


0.6 


1.46 


1 


41 


31.4 


1,6 


12.7 


0.64 


9.62 


11.8 


0.S9 


2.52 


0.1 


14 


39.3 


2 


0.495 


0.8 


2 <T 


MM-6 Bottom 


10 




n,8. 




n.s. 




150 


n,s. 




n.s. 




12,4 


n.s. 




n.s. 




738 


n.s. 




n.s. 




<W 


MM- 7 


12 




1,4 


0,6 


18,6 


1 


153 


54.9 


2,7 


12,8 


0,64 


10 


10.7 


0.53 


40.6 


2 


12 


75.8 


3,8 


0.0391 


0.8 


<W 


MMS 


10 




2.24 


0,6 


47,1 


2.4 


131 


71.3 


3.6 


11,3 


0,57 


8,82 


9.14 


0.48 


40.5 


2 


27 


37 


1,9 


0.564 


O.B 


<W 


MM-9 


7 


<T 


1.89 


0,6 


94 


4.7 


212 


393 


19.7 


10.2 


0.51 


8,15 


9.39 


0.47 


33.6 


1.7 


56 


67.5 


3,4 


0.392 


O.B 


3 <T 


MM- 10 


9 


<T 


2.69 


0,6 


129 


6.5 


151 


91.8 


4.6 


9.59 


0.48 


7,79 


27.3 


0.39 


51.9 


2.6 


26 


27.3 


1.4 


0.O471 


O.B 


<W 


MM- 11 


n.s. 




1.13 


0,6 


147 


7.3 


n.8. 


102 


6,1 


9,12 


0,46 


n.s. 


29.1 


0.35 


61.3 


3.1 


n.s. 


29.1 


1,5 


0.219 


O.B n 


8. 


MM- 12 


9 


<T 


1.99 


0,6 


69.4 


3.5 


208 


135 


6.8 


3.31 


0.17 


2,79 


4.63 


0.24 


21.9 


1.1 


IB 


16 


0.8 


0.384 


0.8 


<w 


DM-LC 


6 


<J 


1.87 


0.6 


06,1 


4.8 


93 


53.1 


2,7 


0.641 


0.03 


0,562 


0.596 


0.03 


35 


1.8 


9 


20.8 


1 


1 07 


O.B 


<w 


DM'SC 


8 


<T 


1.77 


0,6 


307 


15.4 


2500 


255 


12.7 


1.34 


0.07 


1.81 


1,33 


0.07 


^.9 


3.1 


213 


23 


1,2 


0.0381 


0,8 


<w 


DM-1 


13 




1.89 


0,6 


139 


7 


135 


82,5 


4,1 


0,681 


0,03 


0.535 


0.61 


0.03 


41.4 


2.1 


39 


32.2 


1.6 


0.296 


0,8 


3 <T 


DM-2 


1 


<W 


1.99 


0,6 


167 


8.4 


313 


720 


36 


1.92 


0,1 


1.37 


1.72 


0.09 


111 


5.5 


31 


172 


8,6 


0.47 


0.8 


<W 


DM- 3 Top 


4 


<T 


2.41 


0,6 


164 


8.2 


256 


702 


:».i 


1.98 


0.1 


1.33 


1.77 


0.09 


112 


5.6 


29 


176 


8.8 


0,334 


0.8 


<w 


DM- 3 Botlom 


7 


<T 


2.78 


0,6 


1420 


70.9 


2790 


698 


34,9 


2.11 


0.11 


1.96 


1.76 


0.09 


188 


9.4 


628 


175 


8,8 


0.9O1 


0.8 


<w 


DM- 4 


11 




t.as 


0.6 


172 


8.6 


^6 


402 


20.1 


1.83 


0.09 


1.39 


1.72 


0.09 


69.7 


4.5 


61 


64.2 


3.2 


0.298 


0.8 


<w 


DM-5 


29 




2.25 


0.6 


171 


8-6 


685 


365 


1B.2 


1.73 


0.09 


1.44 


1.74 


0.09 


23 


1.2 


115 


40 


2 


0.384 


0.8 


' <T 


DM-e 


IB 




2.21 


0,6 


227 


11.4 


671 


322 


16.1 


1.82 


0.09 


1.47 


1.6 


0.08 


27.9 


1.4 


76 


47 


2,4 


0.125 


O.B 


1 <T 


DM-fl 


6 


<T 


2.4 


0,6 


102 


5.1 


574 


441 


22 


1.01 


0.05 


0.S45 


1,67 


0.08 


25.4 


1.3 


53 


123 


6,2 


0.0471 


0,8 


> <w 


DM-9 


15 




2,03 


0,6 


64.7 


2.7 


200 


78,9 


3.9 


0.965 


0.05 


0.814 


0.855 


0.04 


8.97 


0.4 


19 


29 


1,4 


0,125 


0.8 


' <T 


DM- 10 


6 


<T 


2.11 


0,6 


3-1,9 


1,7 


377 


61,4 


3,1 


0.953 


0.05 


0.836 


0.9 


0.04 


6.76 


0.3 


10 


54.5 


2,7 


0.642 


0,8 


<W 


DM-11 


n.s. 




n.s. 




35.2 


1,8 


n.s. 


n.s. 




0.96 


0.05 


n.B, 


n.s. 




6.42 


0.3 


n.s. 


n.s. 




0.728 


0.8 r 


8. 


BM-LC 


g 


<T 


1.79 


0.6 


129 


6-4 


313 


475 


23.7 


0.71 


0.04 


O606 


0.666 


0.03 


11 


0.5 


26 


30.1 


1.5 


0.211 


0.6 


<w 


BM-1 Top 


10 




3.07 


0,6 


142 


7,1 


233 


ffi2 


33.1 


0.753 


0,04 


0.603 


0.733 


0.04 


20.9 


1 


26 


75.9 


3.8 


0.6« 


0,8 


<w 


BM-T Bottom 


e 


<T 


n.s. 




n,6. 




7160 


n,s. 




n.8. 




0.708 


n.s. 




n.8. 




365 


n.8. 




n.s. 




<w 


BM-2 


n.s. 




n.8. 




209 


10.5 


n,s. 


n.s. 




2,43 


0.12 


n.s. 


n.8. 




81.1 


4.1 


n.B. 


n.s. 




0.47 


0.8 n 


3. 


BM-3 


6 


<J 


n.s. 




120 


6 


265 


n.s. 




0.736 


0.04 


0.618 


n.s. 




16,3 


08 


23 


n.s. 




0.211 


0.B 


<w 


BM-4 


10 




2.47 


0.6 


306 


15,3 


280 


702 


35.1 


17.2 


0.86 


18 


27,8 


1.39 


475 


23.8 


412 


745 


37.3 


0.364 


0.6 


<w 


6M-S 


15 




1^6 


0.6 


184 


9,2 


1400 


261 


13 


1.2 


0.06 


0.929 


3,15 


0.16 


52.1 


2.6 


335 


57.2 


2.9 


0.556 


0,8 


<w 


8M-7 Top 


13 




1.5 


0.6 


158 


7,9 


402 


165 


8.2 


2.05 


0.1 


1.93 


2,23 


0.11 


30.3 


1.5 


28 


222 


11.1 


0.298 


0.6 


<w 


BM-7 Botlom 


10 




n.B. 




n.s. 




195 


n.B. 




n.B, 




1.91 


ns. 




n.s. 




54 


n.s. 




n.s. 


I 


<T 


BM-e 


g 


<T 


2.1B 


0,6 


40,2 


2 


173 


25.3 


1.5 


1.99 


0.1 


1.64 


1,91 


0.1 


13 


0.7 


14 


9.42 


0.5 


0.615 


0.8 


<w 


BM-9 


9 


<T 


2.47 


0,6 


18.3 


1 


^ 


24,9 


1.5 


2.34 


012 


1.98 


2.09 


0.1 


6.44 


0.4 


13 


28.1 


1.4 


0.211 


0.8 


<w 


8M-10 


9 


<T 


2.4 


O.B 


23.2 


1.2 


78 


26,9 


1.5 


2.17 


0.11 


1.96 


2.09 


0.1 


10.2 


0.5 


16 


62.3 


3.1 


0.125 


08 


<w 


BM-11 


7 


<T 


n.s. 




22,6 


1,1 


108 


n,s. 




2.17 


0.11 


1.94 


n.s. 




9.44 


0.5 


15 


n.s. 




0.384 


0.8 


<w 



PWQO 



300 



<50i 



10' 



Table 3: 





Mo 


t 


Nl 


± 


Nl 




Ni 


± 


Pb 


± 


Pb 




Pb 


1 


Sr 


X 


S' 


Sr 


1 


Ti 


± 


Ti 




ug/L 




ug/L 




ug/L 




ug/L 




ug/l 




ugyL 




ug/L 




ug/L 




ug/L 


ug/L 




ug/L 


ug^ 




November 




May 




AuguBl 




November 




May 




August 




November 




May 




August 


November 




May 


August 


MM-LC 


0.267 


0,8 


o,g(e 


t.S 


2 


<W 


0.237 


1.5 


1.07 


11 


5 


<W 


2.49 


11 


145 


5.8 


116 


169 


6.7 


0171 


03 


1 <W 


MM-SC 


0.287 


0,8 


0.334 


I.S 


2 


<w 


0,328 


1.5 


2,77 


11 


5 


<W 


0-757 


11 


316 


12.7 


369 


287 


11.5 


0388 


03 


1 <W 


MM- 1 Top 


0.00881 


0,8 


0.666 


1.5 


2 


<w 


0,0318 


1.5 


5.54 


11 


5 


<w 


1.15 


11 


727 


29.1 


464 


1110 


44-6 


0352 


0.3 


1 <w 


MM-lBoHom 


0.0256 


0.8 


0.05 


1.5 


2 


<w 


0.417 


1.5 


2.42 


11 


5 


<w 


0.19 


11 


2040 


B1.5 


2330 


1110 


44.5 


0.323 


0.3 


1 <w 


MM-2 Top 


t.st 


08 


0,301 


1.5 


2 


<w 


1.32 


15 


0.496 


n 


5 


<w 


3.37 


11 


727 


29.1 


470 


1190 


47.7 


0.51 


0.3 


1 <w 


MM-2Bonom 


0-6 


0.6 


1.64 


1.5 


2 


<w 


1.7 


1.5 


1.27 


11 


5 


<w 


0177 


11 


1930 


77.4 


3340 


19B0 


79.3 


1.74 


0.3 


1 <w 


MU-3 


0.443 


0,B 


0.0163 


1.5 


2 


<w 


0.864 


1-5 


3.55 


11 


5 


<w 


2.8 


11 


751 


30 


447 


1040 


41.6 


0.545 


0.3 


1 <w 


MM-4 


0,416 


0.8 


i.14 


1-5 


2 


<w 


0.701 


1.5 


0.286 


11 


5 


<w 


2.7 


11 


^4 


27.7 


475 


951 


38 


0.0S4 


03 


1 <w 


MM-S Top 


0.807 


0,8 


0.663 


1.5 


2 


<w 


0,959 


1.5 


1.07 


11 


5 


<w 


0124 


It 


700 


28 


585 


784 


31,4 


0671 


03 


1 <w 


MM-5 Bollom 


0,416 


0,8 


0.451 


1,5 


2 


<w 


0.621 


1.5 


0923 


11 


5 


<w 


0,866 


11 


1900 


76 


2070 


1540 


61.4 


2.23 


0.3 


1 <w 


MM-6 


0,607 


0,8 


0.131 


t.S 


2 


<w 


0.6 


1.5 


3,11 


11 


5 


<w 


0.4 


11 


706 


28.2 


597 


741 


29-7 


0.626 


0.3 


1 <w 


MM-6 Bottom 


n.s. 




n.s. 




2 


<w 


n.s. 




n.s. 




5 


<w 


n.s. 




n.s. 




789 


n.s. 




n.s. 




1 <w 


MM-7 


0.573 


0.8 


0.839 


1,5 


2 


<w 


0.362 


1,5 


3.55 


11 


5 


<w 


2.64 


It 


704 


28,1 


621 


679 


27.2 


0.656 


03 


1 <w 


MM-S 


0.573 


0.8 


0.446 


1,5 


2 


<w 


0.0882 


1,5 


3.13 


ti 


5 


<w 


2-6 


11 


632 


25.3 


S68 


607 


24.3 


0474 


03 


1 <w 


MM-8 


0.26 


0.8 


0-557 


1,5 


2 


<w 


0.811 


1.5 


0499 


11 


5 


<w 


0555 


11 


586 


23.4 


529 


617 


24.7 


0264 


03 


1 <w 


MU-tO 


0.26 


0.B 


0.241 


1,5 


2 


<w 


0.647 


1-5 


4,62 


11 


5 


<w 


3.95 


n 


376 


15 


403 


317 


12.7 


0.142 


0.3 


1 <w 


UU-11 


0.3^ 


0-8 


0.00692 


1.5 


n.s. 




0.132 


1.5 


1.13 


11 


n.s. 




0126 


11 


356 


14.2 


n.s. 


283 


11.3 


00386 


0.3 




MM- 12 


0.104 


0.8 


0.156 


1.5 


2 


<w 


0.00964 


1.5 


0,425 


11 


5 


<w 


2.38 


11 


96.2 


3.6 


89 


179 


7.2 


0.107 


0.3 


1 <w 


DM-LC 


0.209 


0.8 


0-0643 


1.5 


4 


<T 


0.308 


1.5 


0.78 


11 


5 


<w 


4.58 


It 


15.9 


06 


15 


16.S 


0.7 


0,0239 


03 


1 <w 


DM-SC 


0.209 


0,8 


0,439 


1.5 


2 


<:W 


0103 


1.5 


1.56 


11 


5 


<w 


3.37 


11 


50.3 


2 


75 


52.6 


2.1 


0403 


0.3 23 


DM-1 


1,22 


0,8 


0,616 


1.5 


2 


<w 


0,25 


1.5 


1,21 


11 


5 


<w 


0,084 


11 


17 


0.7 


15 


16.3 


0-7 


O073 


03 


1 <w 


DM-2 


0.443 


0.8 


0.0682 


1.5 


2 


<w 


0-575 


1.5 


0.494 


11 


5 


<w 


2.78 


11 


85,1 


3,4 


69 


88.3 


3,5 


0274 


0.3 


1 <w 


DM- 3 Top 


0,0256 


0,6 


0,225 


1-5 


2 


<w 


0.0338 


1.5 


3,38 


11 


5 


<w 


2.78 


11 


B5.6 


3.4 


64 


90-6 


3.6 


0,134 


0-3 


<w 


DM-3 Bottom 


0-0525 


0,8 


0,569 


1-5 


2 


<w 


0.451 


1.5 


1,47 


11 


5 


<w 


2.05 


11 


91 


3.6 


69 


90 


3-6 


0896 


03 


<w 


DM- 4 


0-521 


08 


0.262 


1.5 


2 


<w 


1.8S 


1.5 


4.83 


11 


5 


<w 


3.59 


11 


82-6 


3-3 


70 


B8.6 


3,5 


0,13 


03 


<w 


DM-5 


0.131 


0,8 


0,853 


1.5 


2 


<w 


0.833 


1.5 


1.42 


ti 


5 


<w 


0-449 


11 


83.3 


3.3 


77 


62-9 


3.3 


0169 


03 


^ <T 


OM-6 


a209 


0,8 


0-873 


1,5 


4 


<T 


0.783 


t,5 


0.564 


11 


10 


<T 


LIB 


11 


83 


3-3 


77 


72.9 


2.9 


0-029 


03 


<w 


DM-e 


0,209 


0-8 


0.115 


1.5 


2 


<w 


0.77 


1,5 


0.57 


11 


5 


<w 


0243 


11 


42.4 


1,7 


41 


77.S 


ai 


0,278 


0.3 


Z <T 


DM-9 


0.365 


0.8 


0.066 


1.5 


2 


<w 


1.17 


1,5 


3.48 


11 


5 


<w 


0648 


11 


39.2 


1.6 


38 


41.2 


1,6 


0,232 


0.3 


<W 


DM- 10 


0.443 


0.8 


0.615 


1.5 


2 


<w 


0.255 


1,5 


4.76 


11 


5 


<w 


1.03 


11 


38.6 


1.5 


38 


42.9 


1,7 


0.012 


0.3 


<W 


DM- 11 


n,S- 




0.578 


1.5 


n.B. 




n.s. 




2.42 


11 


n.s. 




n.s. 




38.4 


1.5 


n.s. 


n.s. 




0.217 


0.3 n 


s. 


BM-LC 


0.209 


o.a 


0669 


1.5 


2 


<w 


0.567 


1.5 


0.571 


11 


5 


<w 


6.03 


11 


29.1 


1.2 


29 


34 


1,4 


0.324 


0-3 


<W 


BM-1 Tc^ 


0.365 


0.8 


0.175 


1.5 


2 


<w 


1.03 


1,5 


0495 


11 


5 


<w 


4.14 


11 


31.1 


1.2 


28 


39,6 


1.6 


O205 


03 


<w 


BM-1 Bottom 


n,3. 




r.s. 




2 


<w 


n.s. 




n.s. 




5 


<w 


n.s. 




n.s. 




39 


n.s. 




n.s. 




I <T 


8M-2 


n,8. 




1.77 


1.5 


n.s. 




n,8. 




2.91 


11 


n,s. 




n.B, 




47.5 


1-9 


n.s. 


n.s. 




2.73 


03 n 


s. 


BM-3 


n.s. 




0.276 


1.5 


2 


<w 


n.B. 




0.B5S 


11 


5 


<w 


n.s. 




29.7 


1.2 


28 


n-s. 




0.188 


0,3 


<W 


BU-4 


0,287 


0.8 


3-06 


1-5 


2 


<vt 


3.47 


1.5 


2.14 


11 


5 


<w 


2.99 


11 


273 


10.9 


296 


479 


19.2 


0,444 


0.3 


<w 


BM-6 


0.443 


0.8 


1,35 


1-5 


4 


<T 


0.00595 


1-5 


1,5 


11 


5 


<w 


0,027 


11 


37 


1.5 


34 


74,6 


3 


0478 


03 1 


s 


BM-7 Top 


0.287 


0.8 


0.16 


1.5 


2 


<w 


0.675 


1.5 


0642 


11 


5 


<w 


1.49 


11 


53.9 


2.2 


55 


65.3 


2.6 


0.0917 


03 


<w 


aM-7 Bottom 


n.s. 




n.s. 




2 


<w 


n.S- 








5 


<w 


n.s. 




n.s. 




53 


n.s. 




n,s. 




<w 


BM'S 


0.6 


0,8 


0.0193 


1.5 


2 


<w 


0.468 


1.5 


0.64 


11 


5 


<w 


1.69 


n 


43.8 


1.6 


41 


45,6 


1.8 


0.0574 


0.3 


<w 


BU-9 


0.S34 


OB 


0411 


1.5 


2 


<w 


0594 


1.5 


2.13 


11 


5 


<w 


1.55 


11 


40.3 


1,6 


37 


42.4 


1.7 


0.0103 


0.3 


<w 


BM-IO 


0.131 


0,8 


0.112 


1.5 


2 


<w 


0256 


1.5 


1,56 


11 


5 


<w 


1.06 


11 


44.7 


1.8 


43 


48.3 


1.9 


0.134 


03 


<w 


BM-11 


n.s. 




0.199 


1.5 


2 


<w 


n.s. 




1,21 


11 


5 


<w 


n.s. 




45.2 


1.8 


43 


n.s. 




0.0205 


03 


<w 


PWQO 






25 












l/3«*j 












lOBq/L 










na 







Tables: 





Ti 


± 


Va 


X Va 


Va 


± 


Zn 


± 


Zn 


± 


Zn 


± 




ug/L 




ug/L 


ug/L 


ug^ 




ug/l 




ug/L 




uqA. 






November 




Mav 


August 


Novembef 




May 




August 




Novemtwr 




MM'LC 


0.01453 


0.3 


0.103 


0,9 


<W 


0.613 


0,9 


0-676 


0.6 


2 


<T 


1 91 


0.6 


MMSC 


0.1 IB 


0.3 


0.109 


0,9 


<w 


0.255 


0.9 


0.634 


0.6 


1 


<W 


2,74 


0.6 


UU-lTop 


0,444 


0.3 


0-046 


0,9 


<w 


0.183 


0.9 


1,3 


0.6 


7 


<T 


1.98 


0.6 


MM-IBonom 


0.656 


0.3 


0.606 


0.9 


<w 


0.494 


0.9 


4.98 


0.6 


1 


<W 


2,74 


0.6 


MM-2 Top 


0.616 


0.3 


0.396 


0,9 


<w 


0.442 


0.9 


0.76 


0.6 


1 


<W 


1.57 


0.6 


MM-2Bonom 


1.55 


0.3 


0.647 


0.9 


<w 


2.3 


0.9 


11 


0.8 


1 


<W 


9.06 


0.6 


MM-3 


0.4S9 


a3 


0.13 


0.9 


<w 


0.263 


0.9 


0.69 


0.6 


1 


<W 


2.42 


0.6 


WU-4 


0.529 


0.3 


0.205 


0.9 


<w 


0528 


0.9 


0.943 


0.6 


3 


<T 


322 


0.6 


MM-5 Top 


0.537 


as 


0.398 


0.9 


<w 


0.127 


0.9 


0.0568 


0.6 


1 


<W 


1.7 


0.6 


MM-S Bottom 


1.59 


0.3 


0.S18 


0.9 


<w 


0.343 


0.9 


0.S2 


0,6 


1 


<w 


2,74 


0-6 


MM-6 


0.467 


0.3 


0.00414 


09 


<w 


024 


0.9 


0.253 


0.6 


1 


<w 


3.06 


0.6 


MU-6 Bollom 


as. 




n.s. 




<w 


n.8. 




n.8. 




1 


<Vi 


n.s. 




MM-7 


o.ere 


0.3 


0.0794 


0,9 


<w 


0.0327 


0.9 


0.646 


0.6 


9 


<T 


0,65 


0.6 


MM-8 


0.552 


0.3 


0.506 


09 


<w 


0.0839 


0.9 


1.06 


0.6 


1 


<W 


1.8 


0.6 


MM-d 


1.93 


0.3 


0.235 


0.9 


<w 


0.289 


0.0 


0.687 


0.6 


1 


<W 


4.16 


0.6 


MM- 10 


0.0623 


0.3 


0.0973 


09 


<w 


0.272 


0,9 


0915 


0.6 


1 


<W 


2,36 


0.6 


MM' 11 


0.00501 


0.3 


0.127 


0.9 n 


s. 


0.203 


0.9 


1.7 


0.6 


n.s. 




1,93 


0.6 


MM-12 


0.0729 


0.3 


0.142 


0.9 


<w 


0.374 


0.9 


0.929 


0.6 


1 


<W 


1,89 


0.6 


OM-LC 


0.0114 


0.3 


0.0316 


09 


<w 


0.161 


0.9 


1.63 


0.6 


3 


<T 


1.83 


0.6 


DM-SC 


0^9 


0.3 


0.169 


0.9 


<w 


0.0925 


0.9 


3.24 


0.6 


6 


<T 


2.44 


0.6 


DM-1 


0.000767 


0.3 


0.175 


0.9 


r <T 


0.212 


0.9 


1.3S 


06 


2 


<T 


2,23 


0.6 


OM-2 


a207 


0.3 


0.O281 


09 


<w 


0.0275 


0.9 


1.97 


0.6 


1 


<W 


1.78 


0.6 


DM- 3 Top 


0.124 


0.3 


0.122 


09 


<w 


0.238 


0.9 


2.64 


0.6 


2 


<T 


2,17 


0.6 


DM- 3 Bdlom 


0.175 


0.3 


0.294 


0.9 


<w 


0.0925 


0.9 


9.7 


0.7 


2 


<T 


4.21 


0.6 


DM-4 


0.0877 


0.3 


0.112 


0.9 


<w 


0.272 


0.9 


1.91 


0.6 


2 


<T 


1.91 


0.6 


OM-5 


0.0735 


0.3 


02^ 


0.9 


<w 


0.519 


0.9 


0929 


0,6 


4 


<T 


2.59 


0.6 


DM-6 


0.2Ba 


0.3 


a330 


0.9 


<w 


0-144 


0.9 


1,86 


0.6 


3 


<T 


3.04 


0.8 


DM-6 


0,716 


0.3 


0.0162 


09 


<w 


0.306 


0.9 


1.34 


0.6 


2 


<T 


3.42 


0.6 


DM-9 


0.0S01 


0.3 


0.247 


0.9 


<w 


0.189 


0.9 


1.77 


0.6 


1 


<W 


1.36 


0.6 


OM-10 


0.0756 


0.3 


0,0615 


0.9 


<w 


0.272 


0.9 


2.39 


0.6 


1 


<W 


2.06 


0.6 


OM-11 


n.s. 




0.0162 


09 n 


s. 


n.5, 




2,25 


0.6 


n.3. 




n.s. 




8M-LC 


0.271 


0.3 


0.154 


0.9 


<w 


0.0583 


0.9 


2.58 


0.6 


2 


<T 


2,78 


0.6 


BM-1 Top 


0.487 


0.3 


0.229 


0,9 


<w 


0.417 


0.9 


2.67 


0.6 


2 


<T 


4.33 


o.e 


BM-1 Bottom 


n.s. 




n.B. 




<w 


n.s. 




n.s. 




4 


<T 


n.s. 




BM-2 


n.B. 




0.45 


09 n 


$. 


n.s. 




3.67 


0.6 


n.s. 




n.B. 




BM-3 


n.s. 




0.056 


0.9 


<w 


n.s. 




3.12 


0.6 


3 


<T 


n.s. 




BM-4 


0.247 


0.3 


0.046 


09 


<w 


0.121 


0,9 


8.71 


0.6 


1 


<W 


8.27 


0.6 


BM-6 


0.0523 


0.3 


0.291 


09 4 


<T 


0.272 


0.9 


3.63 


0.6 


13 




3.57 


0.6 


^-7 Top 


0.168 


0.3 


0.784 


0.9 


<w 


0-0356 


0.9 


2.41 


0.6 


2 


<T 


1,95 


0.8 


BM-7 Bottom 


n.s. 




n.s. 




<w 


n.s. 




n.s. 




3 


<T 


n.s. 




8M-8 


0.132 


0.3 


0,157 


0.9 


<w 


0.0697 


0.9 


0.8^ 


0.6 


1 


<W 


1.61 


0.8 


6M-9 


0.1 


0.3 


0,0401 


09 


<w 


0.246 


0.9 


0.521 


0.6 


1 


<W 


1.72 


0.6 


8M-10 


0.156 


0.3 


0,064 


09 


<w 


0.212 


0.9 


1.04 


0.6 


1 


<w 


1.63 


0.8 


8M-1I 


n.8. 




0.00773 


09 


<w 


n.8. 




0.887 


0.6 


1 


<w 


n.s. 




PWQO 






r 










20- 













* Interim PWQO 

na not available 

a not to eceed 25% natural concenlfation 

b unionized 

c CCME guidalino 

d CCME avoid prolific weed growth 

« IP 1 0-20U8/L in lakes, SOug/L in rivers 

f Caco3 <75mgyi. - llug/L; >75mg/L ■ tlOOugl. 

gCaco3»=0-100mg/L-0.lug/L; >IOOmg;l-0.5uoA. 

h CacoS - a20fng/L - 1 ug/U >20m(jrt. - Sug^ 

I CCME aesthetic objective 

j Caco3 " <30maA. - lug/L; aO-eOmg/L • Suq/U >aOmgA. - SugA. 



Table 4: Dislrlbutton of Metals. NutriMUvantinKlonudtdes tn SetSrtwrH. May 2000 
All valuBB In ug/g dry wrtgW i wltBWihirwise indicated. 



rKN 



TOC 



TP 



Arsenic 



Selenium 



Barium 



Cadmium 


Chromium 


33 


2 


24 


56 


1.4 


22 


79 


0.4 <T 


13 


90 


0.3 <T 


17 


130 


0,4 <T 


22 


14 


2.7 


21 


20 


21 


19 


18 


0.B <T 


16 


19 


4.1 


20 


21 


2.3 


18 


30 


0.8 <T 


17 


43 


0.2 <W 


15 


43 


0.3 <T 


17 


100 


0.3 <T 


22 


100 


0.2 <W 


21 


94 


0.2 <W 


18 


47 


0.2 <W 


24 


25 


f, I 


24 


25 


0.9 <T 


18 


SB 


I 


22 


60 


0.3 <T 


20 


73 


0.3 <T 


22 


100 


0.2 <W 


20 


51 


0.2 <W 


19 


41 


0.2 <W 


17 


25 


r.s 


17 


42 


1.4 


IS 


65 


0.9 <[ 


13 


19 


3.1 


14 


18 


3.2 


15 


22 


1.2 


13 


140 


1.2 


13 


27 


0.2 <:W 


6 


24 


0.3 <T 


6 


B3 


1.4 


11 


71 


0.6 <T 


9 


66 


0.5 <T 


8 


42 


0.2 <W 


10 


93 


2.2 


11 


64 


O.B <T 


10 


87 


0.2 <W 


33 


73 


0.2 <W 


44 


91 


0,2 <W 


36 


34 


0,2 <W 


14 


26 


1 


14 


65 


O.B <T 


10 


21 


2.5 


11 


36 


2.9 


10 


33 


1.6 


7 



Copper 



Iron 



Lead 



Mercury 



MadaMaska 

MM.LC 



MM-SC 

MM-1 



MM-2 

MM-3 
MM-4 

MM-5 

MM-6 

MM'7 

MM-6 

MM-9 



MM-10 
MM- 12 



Dyno Mine 
DM-LC 



DM-SC 
DM-1 



DM-2 



DM-3 



DM-4 



Mine 

0-10 

10-20 

20-30 

O-IO 

10-20 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

0-10 

10-20 

0-10 

10-20 

20-30 

0-10 

0-10 

10-20 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-ZO 

20-30 



<T 



B 

7J 
2.1 

2.9 
0.4 

14 

1» 

IS 

14 

14 

13 

IB 

1 

S.B 

2 

0.6 

4.2 

t 

12 

7.1 

7 

8J 

7 
•5 

13 
%» 

11 
20 
It 
18 

11 

as 

0.3 <T 



3.9 
4 
0,1 <W 
7.2 
1.6 

0,1 <W 
0,1 <W 
0,1 <W 
5.2 
9.7 

12 

17 

14 

14 



87 
IM 



2m 

SI 

20 

» 

S3 
VS 

no 

119 
110 
140 

If* 
tie 

ISO 

iw 

1M 

140 



140 

7 
5 

9S 

SI 

M 

21 
140 

SS 
7 

2<T 
1 <W 
110 
100 
2M 
2M 
SIO 
»• 



1 
0.73 

t.1 

1.4 

1.1 

1 

t.7 

IM 

OM 

^48 

0.4 

t.\ 

fS 
1.9 

is 
1 
1 

SM 
6M 
OM 
OMS 
OM 
la 
AM 

om 

OM 

0.44 

0^ 

f 

OMS 
OtS 

em 

OM 

0.7S 

OM 

M 

OA 

0.28 

0.3 

0.2S 

0.96 

1.3 

U 

IJt 

0.92 

0.68 



«2 
4^ 
12 
1.8 

to 

&5 

3.4 
« 
7iS 
&1 

rj 

1 
3.7 
3.8 
3.2 

tS' 
SS 

e 

ai 
tt 

48 
1.4 
ftO<T 

zs 

2.2 
ZB 

EL2 
9J0 

iJi 
a4<T 

OJ<W 

7.3 
2.2 

1.1 

0.6 <T 
4J 
2^ 

4.5 
4.9 
6.3 
7.4 
9 
4.2 
S.1 
4.7 
2,1 



\.0 

1.B 
0.5 
0.4 
0.7 
2.S 
^9 

2 
2.4 
2.6 

2 
0.4 <T 
0.3 -eT 
0.4 <T 
0.4 <T 
0.2 <W 
1,3 
2.1 
2.3 
1.7 
1.4 
1.8 
1.B 
1.5 
1.4 
1.0 
1.S 
1.5 
2.4 
2.7 

2 
2.7 

0.2 <W 
0,2 <W 

1.B 

1 
1 
0.2 <W 

2.1 
0.8 <T 

0,4 <T 
0.2 <W 
0,2 <W 
1.6 

2 
1,5 
2,3 

2 
1.3 



35 


34000 


93 


32 


35000 


SO 


14 


210OO 


10 


26 


190O0 


16 


30 


24000 


21 


48 


54000 


MO 


46 


32000 


72 


43 


26000 


23 


58 


ssooo 


100 


47 


33000 


65 


47 


24000 


12 


5 


16000 


16 


5 


19000 


9 <T 


31 


23000 


24 


32 


24000 


20 


27 


21000 


13 


SB 


130000 


86 


56 


100000 


160 


45 


eiooo 


44 


39 


470O0 


se 


36 


40000 


13 


43 


41000 


6<T 


40 


170000 


42 


41 


180000 


11 


41 


1S0000 


9<T 


39 


40000 


» 


3? 


30000 


44 


30 


24000 


24 


37 


40000 


69 


39 


35000 


61 


32 


22000 


16 


23 


12000 


39 


5 


7200 


5 <T 


5 


6800 


5 <T 


20 


24000 


60 


13 


16000 


14 


11 


16000 


6<T 


6 


11000 


11 


IS 


14000 


70 


7 


15000 


32 


61 


8S000 


310 


€0 


•«X» 


$30 


SS 


44000 


410 


30 


100000 


180 


26 


S2000 


99 


24 


32000 


29 


SO 


57000 


240 


46 


37000 


240 


22 


10OO0 


49 



0.11 

0.00 
0.03 <T 
0.03 <T 
0.06 

ais 

0.14 

0.1 

0.12 

0.12 

0.O9 
0.04 <T 
0.06 
0.04 <T 
0.04 <T 
0.03 <J 
0.08 
0.12 

ail 
ai 

0.16 
0.07 
0.09 
0.05 
0.05 

ai2 
aoe 

OM 

ai8 

0.H 
0.00 

0.11 
0.02 <T 
0.02 <T 

0.1 
0.05 
0.05 
0.04 <T 
0.12 
OM 
OM 
OM 
0.08 

ai2 

0.13 
0:12 

e.t» 
aio 

0.13 



Table 4; DIsliibution of Melais. Nutrients and Radionudides in S8<Smenl. May 2000 





TKN TOC TP Arsenic 




SeJenium 


Barium Cadmium 


ChromluTTi Coppw 


Iron 


Lead 




Mefcuiy 




mg^g mg^ mg/fl 




















DM- 5 


0-10 


3,4 


67 


0.96 


2,1 


0.9 <T 


62 


0.6 <T 


13 


14 


22000 


23 


0.07 




10-20 


0.9 


J7 


1.2 


0.7 <T 


0.7 <T 


62 


0,4 <T 


15 


8 


11000 


6<T 


0.07 


DM-6 


0-10 


5.t 


120 


1^ 


3.6 


1.2 


67 


1.5 


13 


17 


29000 


48 


0.12 




10-20 


4.2 


97 


1.1 


2.8 


0.7 <T 


61 


1.1 


12 


13 


23000 


34 


0.08 




20-30 


f.e 


43 


Q.a 


1.6 


0.3 <T 


35 


0.3 <T 


8 


6 


10000 


8<T 


0.08 


DM-S 


0-10 


3.1 


it 


0.82 


3 


0.9 <T 


120 


1.2 


18 


14 


18000 


2S 


0.08 


DM-9 


0-10 


5J 


1OT 


i.e 


10 


1.6 


91 


1.B 


24 


22 


36000 


72 


0.14 




10-20 


4.7 


fiZ 


1.S 


7.1 


1.1 


140 


1.3 


23 


18 


27000 


39 


0.12 




20-30 


4.4 


9S 


1.5 


S.5 


1 


130 


1.1 


24 


16 


26000 


21 


ai2 


OM-10 


0-10 


8.7 


140 


1.7 


23 


2.5 


110 


2.9 


31 


34 


C1000 


130 


azt 




10-20 


f.1 


140 


i.e 


SO 


2.2 


52 


2.S 


26 


31 


48000 


94 


0L2 




20-30 


S4 


IM 


U: 


u 


1.0 


120 


1.9 


26 


28 


47000 


44 


0.16 


DM-n 


0-10 


s.« 


100 


1.8 


17 


1.8 


200 


2.3 


27 


25 


61000 


100 


0.10 




10-20 


3.8 


M 


1.8 


6.2 


1 


110 


1.2 


23 


16 


40000 


24 


0.11 




20-30 


3 


el 


1.7 


2.3 


0.6 


78 


0.4 <T 


20 


12 


37000 


6<T 


0.O6 


BIcrofl Mina 




























BM-LC 


0-10 


13 


i« 


M 


it 


3 


28 


1.8 


17 


34 


34000 


rjo 


0.2S 




10-20 


12 


100 


2 


U 


2.2 


23 


1.9 


IB 


29 


24000 


97 


0123 




20-30 


1.1 


170 


IM 


4.7 


1.3 


39 


0.9 <T 


14 


27 


17000 


27 


o.tr 


BM-1 


0-10 


12 


1M 


2.3 


as 


3.4 


27 


1.7 


18 


46 


48000 


J50 


oM 




10-20 


12 


100 


2A 


»7 


2.7 


41 


2 


19 


40 


34000 


130 


0.22 




20-30 


12 


ito 


2.8 


6L2 


1.6 


130 


1.1 


16 


31 


22000 


39 


0.18 


eM-2 


0-10 


0.2 <T 


1 <w 


1.S 


J€ 


0.3 <T 


160 


06 <T 


33 


95 


41000 


no 


0.01 <w 




10-20 


0.1 <W 


1 <w 


1 


14 


0.2 <W 


170 


0-7 <T 


34 


93 


42000 


440 


0.01 <w 


BM-3 


0-10 


2.2 


43 


0.84 


3.6 


0.5 <T 


73 


0.7 <T 


13 


7 


14000 


2S 


0.04 <T 


BM4 


0-10 


1.4 


27 


0.96 


3.1 


0.4 <T 


SO 


0.6 <T 


19 


29 


29000 


35 


0.04 <T 


BM-6 


0-10 


2.7 


41 


0.74 


2.0 


0.6 <T 


56 


0.7 <T 


16 


22 


20000 


50 


0.07 


BM-7 


0-10 


f.l 


140 


2.2 


12 


2.2 


100 


2.7 


27 


39 


S4000 


ISO 


a28 




10-20 


S.4 


140 


1.8 


10 


1,7 


120 


2.1 


24 


28 


34000 


56 


A22 




20-30 


8.7 


»0 


1.7 


3.9 


1.3 


130 


1.5 


23 


28 


ISOOO 


18 


0.18 


BM-8 


0-10 


It 


»0 


0.44 


5 


2.5 


54 


0.8 <T 


22 


57 


29000 


35 


0,12 




10-20 


20 


tto 


0.32 


3.1 


2.9 


17 


0.8 <T 


22 


78 


37000 


8<T 


0.09 




20-30 


10 


MW 


I 


ZS 


3.5 


31 


0.7 <T 


20 


79 


42000 


7<T 


o.os 


BM-9 


0-10 


2.1 


sa 


U 


4.1 


0.6 <T 


78 


o.e <T 


17 


9 


36000 


23 


0.04 <T 




10-20 


2.1 


is 


1.7 


2 


0.4 <T 


69 


0.3 <T 


18 


9 


34000 


6<T 


0.02 <T 


BM-10 


0-10 


2< 


ue 


0.28 


12 


2.5 


21 


3 


24 


39 


32000 


ISO 


0.2 




10-20 


2t 


190 


0.24 


8.1 


1-6 


74 


1.6 


21 


29 


22000 


S2 


0.13 




20-30 


%3. 


140 


(.J 


3.5 


1.1 


70 


1 


18 


26 


17000 


20 


0.00 


6M-11 


0-10 


«.« 


Ito 


1:2 


12 


2.1 


5S 


2.7 


25 


37 


36000 


120 


0.10 




10-20 


8.C 


100 


TJ? 


io 


1.5 


74 


1 7 


24 


29 


28000 


48 


o.i* 




20-30 


a.4 


no 


1 


3.1 


1 


110 


0.9 <T 


23 


26 


26000 


18 


0.1 


PSOQ:LeL 


0,55 


10 


0.6 


e 




n.a. 


o.s 


56 


16 


20000 


31 


0.2 


PSQQ:SEL 


4.8 


100 


1 


33 




n.a. 


10 


110 


110 


40000 


250 


2 



' Saskatchewan sedlmenl LEL and SEL (Kurtas et al. 2000} 



Table 4: 


DISlrlbutlon ; 
All values 


































Manganese Nickel 


Zinc 


Beryllium 


Magnesium Aluminum Calcium Vanadium Cobalt 


Molybenum 




Strontium Titanium Uranium 


Madawaeka Mine 






























MM-LC 


O-IO 


420 


It 


200 


1 <T 


3300 


12000 


7800 


53 


12 


5.9 




55 


1000 


13,B 




10-20 


440 


IS 


130 


1.1 <T 


aeoo 


10000 


7400 


61 


12 


6-3 




50 


1100 


14.3 




20-30 


260 


B2 


S3 


0.6 <T 


2800 


5600 


4900 


38 


9.6 


2.5 




35 


1100 


7,8 


MM-SC 


0-10 


300 


13 


7B 


0.5 <W 


5600 


9400 


46000 


42 


8,6 


0.7 


<T 


96 


1400 


6.S 




10-20 


340 


15 


97 


0.6 <T 


6200 


12000 


30000 


54 


10 


1.7 


<T 


08 


1800 


9.7 


MM-1 


0-10 


2400 


69 


220 


1.4 <T 


4500 


9900 


16000 


50 


37 


8-7 




300 


730 


102 




10-20 


1000 


20 


190 


1 <T 


4O00 


8400 


15000 


46 


12 


4,3 




230 


460 


33.1 




20-30 


900 


13 


120 


0.9 <T 


3600 


7K)0 


15000 


48 


9,1 


52 




190 


400 


28.1 


MM-2 


0-10 


IWO 


110 


£50 


1.8 <T 


4800 


10000 


17000 


S3 


50 


8.6 




380 


770 


239 




10-20 


aso 


43 


190 


1.2 <T 


4300 


8500 


16000 


44 


21 


4,5 




280 


660 


49.2 




20-30 


610 


15 


110 


1 <T 


4200 


8900 


16000 


51 


11 


7 




230 


500 


30.5 


MU-3 


0-10 


250 


8.4 


53 


0.5 <W 


2400 


12000 


4900 


48 


4 


0,8 


<T 


65 


1500 


31.6 




10-20 


240 


80 


44 


0.5 <W 


2900 


13000 


4400 


52 


4,4 


1 . 


<T 


55 


1700 


12.4 


MM-4 


0-10 


350 


19 


76 


1.3 <T 


8600 


10000 


14000 


57 


13 


3.1 




100 


2300 


1S3 




10-20 


200 


19 


74 


1.3 <T 


8900 


10000 


13000 


56 


13 


3 




93 


1600 


121 




20-30 


270 


U 


50 


0,9 <T 


6400 


8600 


12000 


51 


10 


1.3 . 


<7 


73 


2000 


51.9 


MM-5 


0-10 


I30O 


35 


110 


7 


9200 


16000 


17000 


67 


22 


17 




140 


1700 


239 




10-20 


780 


27 


160 


12 


8400 


16000 


18000 


71 


15 


12 




180 


840 


462 




20-30 


590 


13 


120 


2.1 <T 


4800 


8500 


17000 


79 


12 


8.6 




160 


560 


147 


MM- 6 


O-IO 


1200 


34 


150 


3.5 


4800 


9800 


1000O 


54 


20 


5,6 




110 


1000 


228 




10-20 


840 


14 


80 


1-1 <T 


4300 


6400 


9600 


55 


12 


5.2 




93 


1100 


91.1 




20-30 


500 


(7 


79 


1.3 <T 


4400 


9200 


10000 


62 


13 


5,6 




94 


1000 


101 


UU-7 


D-10 


1200 


11 


t20 


3.5 


2200 


7500 


9100 


76 


18 


17 




140 


340 


169 




10-20 


6W 


0.6 <W 


56 


1,5 <T 


1600 


5600 


7000 


72 


6,2 


20 




100 


270 


lis 




20-30 


430 


0.5 <W 


52 


1.3 <T 


1400 


5000 


6100 


67 


8,2 


34 




94 


230 


114 


MU-a 


0-10 


BOO 


37 


220 


2.1 <7 


3600 


6700 


12000 


36 


23 


3.8 




140 


790 


148.8 




10-20 


600 


23 


150 


1.3 <T 


3500 


8300 


9900 


34 


16 


3.8 




110 


840 


105,4 




20-30 


440 


13 


97 


0.6 <T 


2BO0 


6400 


9300 


31 


12 


4.6 




100 


610 


50 


MM-9 


0-10 


1500 


46 


260 


1-7 <T 


2000 


6100 


13000 


22 


21 


6 




150 


430 


201 




10-20 


1400 


43 


240 


1,7 <T 


3000 


6600 


14000 


29 


22 


9.2 




160 


460 


255. 7 




20-30 


740 


15 


71 


0,6 <T 


2700 


4500 


14000 


24 


6.6 


7.4 




150 


340 


60.5 


Mil-10 


0-10 


130 


15 


110 


0.8 <J 


3500 


6700 


14000 


29 


7.2 


1.9 <T 


46 


740 


4.1 


MM-12 


0-10 


130 


3.6 


20 <T 


0.5 <W 


1900 


3100 


3900 


17 


2,9 


0.5 <W 


22 


840 


3.3 




10-20 


8fi 


3.S 


17 <T 


0,5 <W 


laoo 


2900 


3600 


18 


2.3 


0.5 <W 


20 


860 


2.5 


Oy no Mine 
































DM-LC 


0-10 


670 


14 


160 


1 <T 


1600 


7900 


3800 


2S 


6.1 


4.2 




16 


420 


232 




10-20 


510 


6.2 


61 


0,9 <T 


1200 


6500 


2900 


21 


4,3 


3.6 




14 


370 


20.1 




20-30 


490 


6-5 


64 


0.9 <1 


1100 


6100 


2800 


20 


5.4 


6.1 




14 


330 


21.3 


DM-SC 


0-10 


420 


4.1 


36 


0.5 <W 


2400 


5500 


3600 


26 


4,4 


1.2 <T 


12 


1200 


2.8 


DM-1 


0-10 


430 


6.3 


ISO 


0.8 <T 


2600 


7900 


5500 


24 


6.3 


3.5 




23 


870 


42.1 




10-20 


360 


5.2 


92 


0.7 <T 


3100 


7300 


5300 


26 


5.2 


2.1 <:T 


16 


1300 


16.6 


DM-2 


0-10 


4S0 


39 


110 


6.3 


6600 


16000 


14000 


56 


12 


58 




32 


1600 


101.9 




10-20 


440 


64 


130 


9,3 


S700 


19000 


42000 


64 


11 


39 




70 


1300 


14 f 




20-30 


440 


43 


110 


7 


7700 


16000 


23000 


53 


8.9 


42 




51 


1500 


102 


DM-3 


0-10 


590 


22 


120 


1,9 <T 


3500 


7400 


9600 


39 


10 


18 




42 


670 


87.6 




10-20 


500 


)6 


140 


1,6 <T 


2800 


9100 


10000 


58 


8,3 


8.2 




56 


440 


53 




20-30 


570 


a.4 


100 


1.2 <T 


2500 


9300 


9400 


56 


7.6 


6.7 




55 


310 


23.8 


DM- 4 


0-10 


400 


39 


210 


2.5 


1600 


9600 


9400 


22 


21 


5.7 




33 


420 


212 




10-20 


420 


68 


250 


3.1 


1200 


9000 


9000 


20 


26 


4.1 




35 


340 


290 




20-30 


420 


S3 


100 


1.1 <T 


870 


5400 


10000 


20 


e 


4.3 




38 


240 


SIS 



Allvaluas 







Mangariese Ntckal 




Zinc 


Berytiium 


Magnesium Atuninum Calcium Vanadium CobaH 


Molybenum 




Sltontum Titanium Uranium 


OM-S 


0-10 


620 


11 


76 


1 <T 


2400 


B500 


4fiOn 


34 


16 


4.2 




33 


BOO 


38,7 




10-20 


200 


7.1 


36 


1 <T 


2500 


11000 


4100 


43 


4 


1.5 


<T 


36 


820 


32.1 


DM-6 


0-10 


BOO 


19 


760 


1.5 <T 


2100 


9800 


5900 


35 


18 


2<T 


64 


800 


87.2 




10-20 


330 


IS 


120 


1.2 <T 


2100 


8600 


53O0 


33 


12 


1.6 


<T 


89 


840 


47.7 




20-30 


170 


6.2 


4S 


0.7 <T 


1700 


5500 


3800 


24 


4.2 


1.1 


<T 


63 


780 


19.5 


DM-8 


0-10 


790 


14 


720 


0.8 <T 


3100 


11000 


6900 


39 


B.7 


2 


<T 


37 


1100 


^6.6 


DM- 9 


0-10 


1100 


17 


220 


1.3 <T 


4400 


17000 


6400 


59 


13 


2.8 




41 


1100 


15.7 




10-20 


650 


14 


tBO 


1.1 <T 


4800 


16000 


8600 


53 


12 


1.8 


<T 


42 


1200 


12.4 




20-30 


640 


13 


150 


1,1 <T 


4600 


15000 


8400 


49 


12 


1.9 


<T 


42 


1100 


11.2 


DM-10 


0-10 


2100 


20 


340 


1.6 <T 


4600 


22000 


7400 


73 


17 


5.1 




41 


1200 


16.3 




10-20 


1400 


ia 


300 


1.6 <T 


4800 


22000 


7700 


68 


16 


4.2 




41 


1000 


15.9 




20-30 


1300 


14 


240 


1.7 <T 


4400 


22000 


7600 


62 


16 


5.2 




43 


910 


16.5 


DM- 11 


0-10 


2900 


17 


310 


1.7 <T 


3500 


19000 


7000 


64 


17 


5.6 




37 


10OO 


13,8 




10-20 


1300 


12 


200 


1.6 <T 


3100 


18000 


70O0 


53 


15 


5 




34 


850 


12.8 




20-30 


7000 


e.6 


160 


1.4 *T 


3000 


15000 


6400 


48 


13 


4.6 




30 


930 


12 


Bbtofl Mine 
































BM-LC 


0-10 


400 


15 


180 


0.8 <T 


1700 


12000 


4500 


58 


15 


3.9 




44 


430 


6 




10-20 


400 


14 


170 


0.8 <T 


2200 


13000 


6200 


56 


14 


2.8 




47 


460 


5.9 




20-30 


4(» 


10 


87 


0,7 <T 


2000 


12000 


5400 


52 


11 


1,8' 


eT 


50 


390 


5.7 


BM-1 


0-10 


570 


15 


2J0 


1 <T 


1900 


14000 


5100 


64 


20 


4.5 




49 


510 


13.3 




10-20 


530 


15 


180 


0,9 <T 


2400 


14000 


6700 


65 


17 


3.5 




53 


600 


9.8 




20-30 


530 


11 


100 


0,8 <T 


2000 


14000 


6400 


65 


14 


3 




66 


420 


7.1 


BM-2 


0-10 


1200 


IB 


790 


9.9 


9100 


19000 


26000 


73 


9.6 


13 




71 


2300 


58.2 




10-20 


1200 


31 


220 


11 


9200 


21000 


29000 


71 


14 


10 




84 


1700 


83 


BM-3 


0-10 


350 


8.G 


61 


0.7 <T 


4600 


7300 


6000 


38 


8.7 


1.6 <T 


18 


3000 


16.4 


8U'4 


0-10 


1100 


34 


190 


4.1 


5000 


11000 


8700 


44 


23 


Z*<T 


33 


1800 


B7.9 


8M-6 


0-10 


380 


13 


130 


1.5 <T 


4300 


7500 


6200 


36 


9.3 


1.3 <T 


47 


1400 


346 


BM-7 


0-tO 


1300 


29 


4€0 


3.B 


3900 


17000 


97CW 


72 


22 


4.9 




54 


840 


134 




tO-20 


1100 


15 


250 


1,5 <T 


4000 


16000 


11000 


65 


15 


3.1 




58 


680 


41.7 




20-30 


B60 


12 


170 


1.1 <T 


3700 


16000 


10000 


60 


14 


2.9 




57 


790 


24.8 


BM-S 


0-10 


630 


33 


170 


1,1 <T 


3100 


8900 


8700 


36 


8.7 


5.3 




71 


550 


40.1 




10-20 


510 


38 


140 


1 <T 


2SO0 


6400 


9400 


35 


8.4 


8,7 




110 


410 


39.9 




20-30 


350 


35 


110 


0.8 <r 


3200 


5600 


9900 


36 


7.8 


12 




160 


380 


34.5 


BM-» 


0-10 


910 


7,9 


130 


0.6 <T 


3700 


8500 


5500 


46 


10 


2.4 <T 


21 


1200 


7.1 




10-20 


B30 


7-9 


100 


0.6 <:T 


4200 


8900 


6400 


4S 


11 


2.5 




25 


1300 


7,4 


BM-10 


0-10 


1100 


22 


JOO 


1,2 <T 


4300 


14000 


8600 


52 


12 


3.5 




39 


760 


30.5 




10-20 


750 


14 


760 


0.6 <T 


4200 


13000 


9000 


45 


8.8 


2.4 <T 


41 


790 


14.4 




20-30 


520 


13 


110 


0,8 <T 


3800 


12000 


8800 


40 


7.4 


2.6 




40 


590 


IS 


BM-11 


0-10 


1100 


20 


290 


11 <T 


45O0 


14000 


7900 


69 


14 


2.6 




37 


1000 


26.4 




10-20 


770 


15 


190 


0,9 <T 


4600 


13000 


8300 


54 


11 


1.3 <T 


36 


1000 


14.7 




20-30 


570 


13 


130 


0.6 <T 


4300 


12000 


8200 


50 


11 


1,1 <T 


36 


860 


13.2 


PSQQLEL 


460 


76 


120 


n,a. 


n.a. 


n,a. 


n.a. 


n.a. 


n.a. 


n.a. 




n.a. 


n.a. 


•21 


psoasEL 


1100 


75 


•20 


n.a. 


n.a. 


n.a. 


n.a. 


n.a. 


n.a. 


n.a. 




n.a. 


n.a. 


•ito 



' Saskatchewan sedimeni 



Table 4: 



DiSrlbullon ( 
All valuBS 



K-40 




Th-2Z8 


Bq/g 




Bq/g 


o.e 


0-17 


<iM 


1.2 


0.39 


0^03 


0.7 


0.92 


OM 


0.4 


0.61 


004 


0.7 


0.63 


0.04 


10 6 


0.13 < 


aoe 


1,7 


0.15 


ftOS 


1.4 


0.1 < 


QJOZ 


12 


0.1 


OJM 


2.5 


0.17 


OM 


1.6 


0.1 < 


aa2 


i.e 


0.56 


o.(d 


0.7 


0.73 


oxs< 


7.7 


0.53 


0.1 


6 


0.4e 


0;» 


2.7 


0.48 


OM 


12 


0.3 < 


HM 


23.2 


0.28 < 


0.S9 


7.4 


0.11 < 


&11 


11,4 


0.36 < 


ftl 


4.6 


0.35 


004 


5.1 


0.44 


0.00 


a.6 


0.16 < 


0.13 


5.8 


0.15 < 


OOB 


5.7 


0.1 < 


0.05 


7 


0.25 


OOO 


r.7 


0.24 < 


0.06 < 


2.9 


0.23 


0.04 


6.6 


0.16 < 


OM 


9.9 


0.14 < 


0.04 


5.2 


0.11 < 


0.02 


0.3 


0.41 


ao4 


0.3 


0.84 


OM 


0.2 


0.75 


0.02 


1.3 


0.13 < 


0.02 < 


1.3 


0.15 


0.02 


2.6 


0.14 


0.02 


0.2 


0.71 


0.02 < 


29 


0.42 


0.02 


1 


0.61 


0.03 


0.2 


1.3 


6 


7.1 


1.9 


M 


5-1 


1.7 


e 


4,4 


0.44 < 


1.1 


2.7 


0.32 < 


0.46 


1.3 


0.16 < 


0.05 


10.S 


o.ie< 


0.27 


14.6 


0.1«< 


0.29 


3.1 


0.17 


0.07 



Ra-226 



Ra22e 



U-238 



Cs-137 



U-235 



Alpti 
Bq/g 



Beta 



Madawaska Mine 



MM-LC 



MM-SC 



MM'1 



UU-2 



MM-3 



MM-4 



MM- 5 



MM-6 



MM-7 



MM- 



MM-9 



MM- 10 
UM-t2 

DynoMlne 

DM-LC 



DM-SC 

DM-1 

DM-2 



DM-3 



DM-4 



0-10 

10-20 

20-30 

0-10 

10-20 

0-1 

ia20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

tO-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

0-10 

10-20 

0-10 

10-20 

20-30 

0-10 

D-10 

10-20 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 



0,03 


0.07 


0.04 


0.05 < 


0.02 


0.05 < 


0.03 


0.05 < 


0.04 


0.05 < 


0.16 


0.07 


o.oa 


0.05 < 


0.02 


0.05 < 


0.17 


0.09 


0.07 


0.07 


0.03 


0.06 < 


0.06 


0.06 < 


0.02 


0.05 < 


0.24 


0.12 


0.28 


O.U 


0.22 


0.13 


12.17 


0.49 


4.12 


0.63 


0.32 


0.12 


3.22 


0.16 


0,21 


0.05 


0.05 


0.0S 


1.1 


O.oa 


0.21 


0.05 


0.03 


0.06 


0.65 


0.06 


0.73 


0.07 < 


0.4f 


0.05 < 


1.1 


0.06 


1.1 


0.0B< 


0.15 


0.05 < 


0.07 


0.06 < 


0.09 


0.05 < 


0.07 


O.OS < 


0.03 


0.05 < 


0.02 


0.05 < 


0.03 


O.05< 


0.04 


0.05 < 


0.06 


0.05 < 


0.08 


0.05 < 


11 


7 


0.2 


11 


13 


7,4 


i.2 


1.3 


3.5 


0,52 


0.34 


0,07 


1.6 


0,28 


1.3 


0.3 


0.42 


0.06 



0.2 

0-1 < 

0.1 

0.1 < 

Q.l 
0.93 
0.37 

0.2 
1.94 
0.34 
0,26 
0,37 
0,13 
1-43 
1.29 
0,5G 
2,49 

4,3 
1,23 
2,44 
0-78 
0.91 

2.1 
0.97 
0.89 

1.3 
0.93 
0.42 

1.9 

2.3 
0.49 
0.12 

0.1 < 

0.1 < 

0.21 
0.14 
0.17 
0.1 < 

0.4 
0.28 

6.4 

8.6 

e.7 

1.4 
0-62 
0,19 

2.3 

2.6 
0.68 



0.O6 

0.02 

0.01 < 

0.01 

0.02 

0-06 

0.03 

0.01 < 

0.05 

0.04 

0.01 < 

0.02 

0.01 < 

0.01 

0.01 

0.01 < 

o.oa< 

0,03 ■: 
0,01 < 
0,01 
0,01 < 
0.01 < 
0.01 
0.0 1 < 
0.01 < 
0.03 
0.02 
0.01 < 
0.03 
0.03 
0.01 < 
0.02 
0,01 
0.01 

0.1 

o.ca 

0.01 < 
0.01 
0.15 
0.06 
0.05 < 
0.06 < 
0.05 < 
0.04 < 
0.01 < 
0-01 
0.03 
0.03 
0.01 



0.1 < 
0.1 < 
0.1 < 
0.1 < 
0.1 < 
0.1 < 
0.1 < 
0.1 < 

0.11 
0.1 < 
0.1 s 
0.1 < 
0.1 < 
0.1 
0.1 < 
0.1 < 

0.21 

0.28 
0.1 < 
0.2 

0.1 <: 

0.1 < 

0.17 
0.1 < 
0.1 < 

0.18 
0.1 < 
0.1 < 

0,17 

0,18 
0.1 < 
0,1 < 
0.1 < 
0.1 < 

0.1 < 
0.1 < 
0.1 < 
0.1 < 
0.1 < 
0.1 < 

0-77 
1 

0.77 

0.29 
0.1 < 
0.1 < 

0.37 

0.42 
0.1 < 



1.2 


0.7 


1.4 


0.9 


0.61 


1.1 


0.73 


0.98 


1.1 


1.1 


6.6 


3.5 


2.1 


1.3 


1.4 


0.8 


13 


6.3 


3.6 


\A 


1,5 


0.64 


2.1 


1.6 


0.97 


0.98 


14 


4.7 


16 


B.7 


6.6 


2.4 


« 


17 


•a 


25 


11 


4.6 


41 


14 


5.4 


2.7 


3.7 


2.3 


20 


8.7 


4.9 


2.5 


3.2 


2.1 


19 


7.7 


9.1 


3.4 


2.8 


1.4 


10 


6.1 


12 


7.4 


3.3 


2,1 


3.7 


1.9 


0.67 


0.93 


0.41 


0.88 


0.79 


0.65 


0.41 


0.45 


0.61 


0.28 


1.1 


1 


3.4 


2.3 


2.1 


1.6 


300 


63 


410 


80 


310 


73 


120 


35 


SO 


16 


7.2 


2.5 


41 


14 


49 


18 


IS 


5 



Table 4: 



Distribution c 
All values 



K-40 



Th-228 

Bq/Q 



Ra-226 

Bq/g 



Ra-228 

Bq/g 



U-Z38 



Cb-137 



U235 
Bq^ 



Alph 

J3^ 



Bat8 



DM-5 



DM-6 



DM-8 

DM-9 



DM-10 



Bbron Mine 
BM-LC 



BU-1 



BM-2 

BM-3 
BM-4 
BM-6 

BM-7 



6M-8 



BM-9 



BM-IO 



BM-n 



0-10 

10-20 
D-10 

10- ao 

20-30 

0-10 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

0-10 

0-10 

0-10 

0-10 

10-20 

20-30 

0-10 

10-20 

20-30 

0-10 

10-20 

O-IO 

10-20 

20-30 

0-10 

10-20 

20-30 



2.9 


0.48 


1.8 


0.42 


5.1 


0.38 


2.6 


0.33 


1.5 


0.64 


2 


0.53 


1,5 


0,5 


1.1 


0.31 


0.7 


0.1 < 


0.9 


0.16 < 


1.2 


0.17 


1.2 


0.19 


1.1 


0.31 


1.2 


0.27 


1.3 


0.39 


0.5 


0.13 


0.2 


0.15 < 


0.5 


0.09 


1.5 


0.17 


0.8 


0.31 


0.5 


0.13 < 


^9 


1.7 


3.2 


il 


1.1 


0.57 


4.6 


0.94 


17.3 


0.97 


6.8 


0.48 < 


2.2 


0.3S < 


1.3 


0.17 


2.1 


0.18 e 


2 


0.24 < 


1.7 


0.21 < 


0.8 


0.5 


0.4 


0.73 


1.6 


0,17 < 


0.2 


o.ie 


0.8 


o.te< 


U 


0.25 


1 


0.3 


0.9 


0.35 



0.22 

0.04 

0.12 

0.09 

0.04 < 

0.03 < 

0.04 

0.03 

0.01 < 

0.02 

0.03 

0.03 

0.03 

0.02 

0.02 

0.03 
0.02 < 
0.02 

o;04 

0.03 
0.02 < 

11 

14 
0.06 

t.l 
0.56 
0.84 
0.21 
O.0S 
0.07 
0.07 
O.OS 
0.02 
0.03 < 
0.06 
0.04 < 
0.03 
0.05 
0.03 < 
0.03 



1.6 


0,2 


0.U 


0.05 < 


1.S 


0.12 


1 


0.1 < 


0.3S 


0.05 < 


0.S2 


0.05 


0.3 


0.06 < 


0.09 


0.05 < 


0.01 


0.05 < 


0.38 


0,05 < 


0.13 


0,05 < 


0.09 


0.05 < 


0.12 


0,05 < 


0.05 


0.05 < 


0.03 


0,05 < 


o.oe 


0.05 < 


0.03 


0.05 < 


0.02 


0.05 < 


0.43 


0.05 < 


0.21 


0.05 < 


0.04 


0,05 < 


*M 


14 


u 


16 


0.09 


0.06 


bA 


1.5 


0.79 


0,S4 


14 


0.89 


4.3 


0.24 


0-34 


0.06 < 


0.71 


0.11 


0.28 


0,09 


0.1 


0.1 


0.26 


0.04 


O.oe 


0.03 


1.1 


0.07 


0,78 


0.03 


0.04 


0.05 


1.1 


0-1 


0.4 


0.04 


0.06 


0,04 



0,52 
0.27 
0.67 
0.48 
0.23 
0.21 
0.19 
0.11 

0.1 < 
0.17 
0.11 
0-15 
0.12 
0.15 

0.1 

0,1 < 
0,1 < 
0.1 < 
0.1 < 
0,1 < 
0.1 < 
97 
12 

0,19 
1-6 
3,7 
1.6 
0,4 

0,23 

0.36 

0,34 

0.35 
0.1 < 
0.1 

0.26 

0,13 

0.14 

0-25 

0-12 

0.13 



0.01 
0,01 < 
0.02 
0,02 
0.01 
0,04 
0.08 
0.02 
0.01 < 
0.13 
0-07 
0,01 
0-1 
0.02 
0.01 

0,08 

0,05 

0.01 

0.08 

0.06 

0.01 

0.04 < 

0.06 < 

0.06 

0.04 < 

0.02 

0.05 

0.01 

0.01 < 

0.04 

0,02 

0.01 < 

0.03 

0.01 

0.01 < 

0.02 

0.01 < 

0.09 

0.03 

0.01 < 



0.1 < 


0,1 < 


0,1 


0,1 < 


0.1 < 


0,1 < 


0,1 < 


0,1 < 


0.1 < 


0.1 < 


0,1 < 


0.1 < 


0,1 < 


0.1 < 


0.1 < 


0.1 < 


0,1 < 


0.1 < 


0,1 < 


0,1 * 


0.1 < 


0.45 


0.49 


0.1 < 


0.1 < 


0.22 


0.24 < 


0.11 < 


O.I < 


0.1 < 


0,1 < 


0.1 < 


0,1 < 


0.1 < 


0.1 < 


0.1 < 


0.1 < 


0.1 < 


0.1 < 


0.1 < 



33 


8 


4.3 


1.8 


34 


9.3 


25 


7.9 


8.7 


2.8 


8.3 


3.1 


6.8 


2.7 


1.9 


1.1 


1.2 


0.8 


3.S 


1.8 


2.7 


1.4 


1,7 


0.76 


2.7 


1 


1.6 


0.86 


1.3 


0,75 


1.7 


1.1 


0.91 


0.75 


0.68 


0.44 


4.6 


1.6 


3 


1.5 


1.1 


0.63 


370 


61 


MO 


»4 


3.3 


1.6 


86 


21 


41 


13 


120 


44 


34 


12 


4 


1.7 


3.6 


1.4 


1.2 


0.74 


19 


6.2 


5 


2.1 


1,3 


0.86 


6 


2.6 


2.5 


1.3 


0.74 


0.44 


3.S 


1.6 


0,92 


0,92 


16 


6.5 



PSQG:LEL 
PSQG:SEL 



■0,06 
•0.6 



■ Saskatchewan eecfiment 



Table 5: Benthic Macroinvertebrates. Bancroft Area Mines. May, 2000 

All values are number per m2 



Bicrott Mine 
Station BM-LC BM-1 
Replicate 1 2 3^ Mean 1 2 3^ Mean 

P. Coelenterata 

Hydra 
P. Nematoda 
P. Piatyheimintties 

CI. Turt}ellaria 
P. Nemertea 

Pro stoma 
P. Annelida 

CI. Oligochaeta 11 4 

CI. Himdinea 
P. ArthRspoda 

CI. Arachnida 

O. Hydracarina 11 4 

O. Harpacticoida 

CI. Ostracoda 

O. Amphipoda 

O. Isopoda 

CI. insecta 
O. Coleoptera 
O. Ephemeroptera 
O, Lepidoptera 
O. Megaloptera 
O, Odonata 
O. Piecoptora 
O. Trichoptara 
O. Diptera 

indeterminate 

F. Ceratopogonidae 

F, Chaoboridae 1335 710 1195 1080 431 807 764 667 

F. Chironomidae 11 32 14 22 11 11 

F. Dolichopodidaa 

F, Empididae 

F. Simuliidae 11 4 

F. Tabanidas 

F. Tipulidae 



P. Moilusca 
CI. Gastropoda 
CI. Pelecypoda 



TOTAL NUMBER OF ORGANISMS 1346 764 1206 1105 431 829 775 678 

Percent Chironomids 0.80 4.23 0.00 0.00 2,60 1.39 



* lowest practical level 



Table 5: Benthic Macroinverte 

^1 values are number per m2 



Station BM-2 BM-3 

Replicate 1 2 3' Mean 1 T 3 Mean 

P. Coelenterata 

Hydra 22 2583 868 

P. Nennatoda 11 11 7 22 1292 732 682 

P. Platyhelminthes 

a. Tutbellaria 
P. Nemertea 

Prostoma 86 29 

P. Annelida 

CI. Oljgochaeta 11 4 

CI. Hirudinea 
P. Arthropoda 

CI. Arachnida 

O. Hydracarina 11 4 

O. Haipacticoida 

CI. Ostracoda 

O. Amphipoda 

O. tsopoda 

CI. Insecta 

O. Coleoptera 

O. Ephemeroptera 11 43 32 29 

O. Lepldoptera 

O. Megatoptera 

O. Odonata 

O. Plecoptera 

O. Trichoptera 

O. Diptera 

indeterminate 

F. Ceratopogonidae 

F. Chaoboridae 

F. Chironomidae 

F. DolJchopodidae 

F. Empididae 

F. Simuliidae 

F. Tabanidae 

F. Tipulidae 

P. Mollusca 

CI. Gastropoda 32 108 32 57 65 86 43 65 

CI. Pelecypoda 86 29 

TOTAL NUMBER OF ORGANISMS 129 344 194 ^2 2638 9817 11324 7^6" 

Percent Chironomids 0.00 43.75 44.44 65.29 53.51 52-85 

' lowest practical level 
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22 


14 





11 


11 


7 


65 


151 


86 


100 



151 


661 


947 


653 


22 








7 





^^ 





29 








43 


14 








66 


29 





172 





57 


538 


1292 


603 


811 


32 


86 





39 


22 


86 





36 


43 


431 


258 


244 








43 


14 


1722 


5253 


5985 


4320 



Table 5: Benthic Macroinverte 

All values are number per m2 



Station 


BM-4 








BM-6 








Replicate 


1 


2 


3* 


Mean 


1 


2' 


3 


Mean 


P. Coelenterata 


















Hydra 


















P. Nematoda 










215 


129 





115 


P. Platyhelmintiios 


















CI. Turbellaria 


















P. Nemattea 


















Prostoma 


43 








14 










P. Annelida 


















CI. Oligochaela 


215 


258 


1^ 


^1 


226 


237 


431 


298 


CI. Himdinea 










# 








14 


P. Arthropoda 


















CI. Arachnids 


















0. Hydracarina 


















O. Harpacticoida 










301 








100 


CI. Ostracoda 


















O. Amphipoda 













86 


258 


115 


O. Isopoda 


















CI, Insecta 


















O. Coleoptera 













97 


344 


147 


O. Ephemeroptera 
















172 


57 


O. Lepidoptera 


















0. Megaloptera 


129 








43 










O. Odonata 


















O. Plecoptera 


11 








4 










O. Trichoptera 










86 





86 


57 


O. Diptera 


















indeterminate 


















F. Ceratopogonidae 


129 


43 


86 


86 


172 


172 


689 


344 


F. Chaoboridae 


















F. Chironomidae 


301 


43 


431 


258 


560 


861 


517 


646 


F. Dolichopodidae 


















F. Empididaa 


















F. Simuliidaa 


















F, Tabanidae 


















F. Tipulidae 


9 


8e 





29 










P. Mollusca 


















CI. Gastropoda 
















258 


86 


CI. Pelecypoda 


1012 


258 


1033 


768 


172 


388 


700 


420 


TOTAL NUMBER OF ORGANISMS 


1841 


689 


1679 


1403 


1776 


1970 


3455 


2400 


Percent Chironomids 


16.37 


6,25 


25.64 




31.52 


43.72 


14.95 





* lowest practical level 



Table 5: Benthic Macroinverte 
All values are number per m2 



Station BM-7 BM-8 

RBpi'cate 1 2 3' Mean 1 2 3" Mean 



32 





22 


18 


22 





11 


11 








22 


7 


22 





22 


14 










205 


22 


97 


108 










108 


11 


86 


68 



P. Coelenterata 

Hydra 
P. Nematoda 11 

P. Ptatyhetminthes 

O. Turbellaria 
P. Nemertaa 

Prostoma 
P. Annelida 

CI. Oligochaeta 22 

CI. Hintcfinea 
P. Arthropoda 

CI. Arachnida 
O. Hydracarina 

O. HarpacttcokJa 

CI. Ostracoda 

O. Amphipoda 

O. Isopoda 

CI. Insecta 

O. Coleoptena 

O. Ephemeroptera 22 43 22 

O. Lepjdoptera 

O. Megaloptera 

O. Odonata 

O. Recoptera 

O. Trichoptera 22, 11 11 

O. Diptera 

indetenninate 

F. Ceratopogonidae 11 4 

F. Chaoboridae 667 452 463 527 22 7 

F. Ohironomidae 183 118 151 151 517 205 409 377 

F. Doiit^opodidae 

F. Empididae 

F. SImuliidae 

F. Tabanidae 

F. Tipulidae 

P, Mollusca 
CI. Gastropoda 
CI. Pelecypoda 75 22 32 

TOTAL NUMBER OF ORGANISMS 883 570 700 718 991 302 657 650" 

Percent Chironomids 20.73 20.75 21.54 52.13 67.70 62.29 

' lowest practical level 



Table 5: Benthic Macroinverte 
All values are number per m2 



Station 
Replicate 



BM'9 
1 



2* 



Mean 



BM-10 

1 



2* 



Mean 



P. Coelenterata 

Hydra 
P. Nematoda 
P. Platyhetminthes 

CI. Turbellaria 
P. Nemertea 

Prostoma 
P. Annelida 

CI. Oligochaeta 

CI. Hirudinea 
P. Arthropoda 

CI. Arac^nida 
O. Hydracarina 

O. Harpacticoida 

CI. Ostracoda 

O. Amphipoda 

O. Isopoda 

CI. Insacta 
O. Coleoptera 
O. Ephemeroptera 
O. Lepidoptera 
O. Megaioptera 
O. Odonata 
O. Plocoptera 
O. Trichoptera 

0. Diptera 

indeterminate 
F. Ceratopogonidae 
F. Chaoboridae 
F. Chironomidae 
F. Dolichopodidae 
F, Empididae 
F. Simuliidae 
F. Tabanidae 
F. Tiputidae 

P. Mollusca 
CI. Gastropoda 

01. Pelecypoda 



22 22 11 18 

11 4 

377 129 32 179 



22 



11 



^ S6 11 39 

11 11 43 22 

76 32 36 



11 








4 










43 


22 


22 


29 


614 


592 


936 


714 


86 


86 


183 


118 


258 


614 


377 


416 



54 



11 



22 



11 



TOTAL NUMBER OF ORGANISMS 549 312 269 

Percent Chironomids 15.69 27.59 67.94 



377 



926 
27.91 



1389 
44.19 



1399 
26.92 



1238 



' lowest practical level 



Table 5: Benthic Macroinverte 
All values are number per m2 



Dyno Mine 
Station BM-11 DM-SC 
Replicate 1 2^ 3 Mean T 2 3 Mean 

P. Coslentorata 

Hydra 
P. Nematoda 43 43 65 50 

P. Platyhelminthes 

CI. Tufbellaria 
P. Nemertea 

Prostoma 
P. Annelida 

CI. Oligochaeta 549 194 280 341 603 947 388 646 

CI. Himdinea 
P. Arthropoda 

CI. Arachnida 

O. Hydracarina 65 22 22 36 

O. Harpacbcoida 129 43 

CI. Ostracoda 11 4 

O. Amphipoda 

O. Isopoda 

CI. Insecta 

O. Coleoptera 

O. Ephemeroptera 

O. Lepidoptera 

O. Megaloptera 

O. Odonata 

O. Plecoptera 

O. Trichoplera 22 65 2» 

O. Diptera 

indeterminate 

F. Ceratopogonidae 

F. Chaoboridae 

F. Cbirorromidae 

F. DolichopodJdae 

F. Empididae 

F. Simuliidae 

F. Tabanidae 

F. Tipulidas 

P. Mollusca 

CI. Gastropoda 43 ^ ^ 

CI. Pelecypoda 32 32 22 

TOTAL NUMBER OF ORGANISMS 1894 1335 904 1378 1873 2400 1001 ITbT 

Percent Chironomids 12.50 11.29 13.10 52.67 52.02 51.61 

* lowest practical level 



11 








4 


1033 


958 


484 


825 


237 


151 


118 


169 






43 





14 


43 








14 


990 


1249 


517 


919 



Table 5: Benthic Macroinverte 
All values are number per m2 



Station DW-LC DM-1 

Replicate 1 2 3" Mean 1 ' 2 3 Mean 



P. Coelenterata 

Hydra 
P. Nematoda 86 172 86 115 

P. Platyhelmintties 

CI. Turbellaria 
P. Nemertea 

Prostoma 
P. Annelida 

CI. Oligochaeta 86 20 

CI. Hirudinea 
P. Arthropoda 

CI. ArachnJda 

O. Hydracarina 43 86 43 

O. Harpacticoida 

CI. Ostracoda 

O. Amphipoda 

O. Isopoda 

CI. Insecta 

O. Coleoptera 

O. Ephemeroptera 43 86 43 

O. Lepidoptera 

O. Megaloptera 

O. Odonata 11 32 11 IB 

O. Plecoptera 

O. Trichoptera OK 2i 

0. Diptera 

indeterminate 
F. Ceratopogonidae 
F. Chaoboridae 

F. Chironomidae 129 194 97 140 1S93 2756 1206 1851 

F. Dolichopodidae 
F. Empididae 
F. Simuliidae 
F. Tabanidae 
F. Tipulldae 

P. Mollusca 

01. Gastropoda 11 fie 32 
CI. Pelecypoda 140 248 226 205 11 97 36 

TOTAL NUMBER OF ORGANISMS 2^^ 495 323 362 1798 3488 1302 219r 

Percent Chi ronomids 48.00 39.13 30.00 88.62 79.01 92.56 

* lowest practical level 






22 





7 





32 





11 


129 


194 


97 


140 



Table 5: Benthic Macroinverte 

Alt values are number per m2 



Station DM-2 DM-3 

Replicate 1^ 2 3 Mean 1* 2 3 Mean 

P. Coefenterata 

Hydra 
P. Nematoda 11 11 7 

P. Platyhelminthes 

CI. Turbellaria 
P. hjemartea 

Prostoma 
P. Annelida 

CI. Ollgochaeta 43 54 11 36 

CI. Hirudinea 
P. Arthropoda 

01. Arachnida 
O. Hydracarina 

O. Harpacticoida 

CI. Ostracoda 

O. Amphipoda 

O. Isopoda 

CI. Insecta 

O. Coleoptera 

O. Ephemeroptera 1132 2222 022 7 

O. Lepidoptera 

O, Megaloptera 

O. Odonata 

O. PlecoptetB 

O. Trichoptera 11 4 

O. Diptera 

indetanninate 

F. Ceratopogonidae 215 108 226 183 

F. Chaoboridae 1324 1442 936 1234 

F. Chironomidaa 344 764 280 463 86 75 65 75 

F. Dotichopodtdaa 

F. Empididae 

F. Simuliidae 

F. Tabanidae 

F. Ttpulidae 

P. Mollusca 
CI. Gastropoda 
a. Pelecypoda 11 11 7 

TOTAL NUMBER OF ORGANISMS 635 990 538 721 1410 1518 1023 TsTt" 

Percent Chi rononn ids 54.24 77.17 52.00 6.11 4.96 6.32 

* lowest practical level 



Table 5: Benthic Macroinverte 
All values are number per m2 



Station DM-4 DM-5 

Replicate 1 2 3' Mean 1 2* 3 Mean 

P. Coelenterata 

Hydra 
P. Nematoda 43 129 86 86 

P. Platyhelminthes 

CI. Turtiellaria 
P. Nemertea 

Prostoma 
P, Annelida 

CI. Ohgochaeta 172 43 72 2196 2454 2153 2268 

Ci. Hinjdinaa 
P. Arthropoda 

CI. Arachnida 
O. Hydracarina 

O. Harpacticoida 

CI. Ostracoda O 258 86 

O. Amphipoda Q 43 o 14 

O. Isopoda 

CI. Insecta 

O. Coleoptera 

O. Ephemeroptera 43 86 43 

O. Lepidoptera 

O. Megaloptera 

O. Odonata 

O. Plecoptera 

O. Trichoptera 86 29 

0. Oiptera 

indeterminate 
F. Ceratopogonidae 43 172 72 

F. Chaoboridae 

F. Chironomidao 388 258 560 402 947 1550 1636 1378 

F. Dolichopodidas 
F. Empididae 
F. SimuliJdae 

F. Tabanidae 3St 11 14 

F. Tipulidas 

P. Mollusca 

CI. Gastropoda 129 43 57 86 29 

01. Pelecypoda 86 11 32 

TOTAL NUMBER OF ORGANISMS 560 388 646 531 3186 4381 4586 4057 

Percent ChironomJds 69.23 66.67 86.67 29.73 35.38 35.68 



* lowest practical level 



Table 5: Benthic Macroinverte 

All values are number par m2 



Station 
Replicate 



P. CoeiBnterata 

Hydra 
P. t4ematoda 
P. Platyhelminthes 

CI. TurbeUaria 
P. Nsmertea 

Prostoma 
P. Annelida 

CI. Oligochaeta 

CI. Hirudinea 
P. Arttiropoda 

CI. Arachnida 
O. Hydracarina 

O. Harpacticoida 

CI. Ostracoda 

O. Amphipoda 

O. Isopoda 

Q. Insecta 

O. Colaoptera 

O. Ephemeroptera 

O. Lepldoptera 

O. Megaloptera 

O. Odonata 

O. Recoptera 

O. Trichoptera 

O. Diptora 

indeterminate 
F. Ceratopogonidae 
F. Chaotioridae 
F. Chironomidae 
F. Dolichopodidae 
F. Empididae 
F. Simuliidae 
F. Tabanidae 
F. Tipultdae 

P. Mollusca 
Q. Gastropoda 
CI. Pelecypoda 



DM-6 
1* 



Mean 



258 



1119 



43 



36 



1033 



118 



115 



86 



29 



22 


22 


11 


18 








86 


29 


172 


86 





86 


172 





172 


115 



2239 



1464 



43 



68 



DM-8 
1 



2* 



65 
43 



129 

86 



32 



2S8 




172 
786 



215 
215 



11 



43 



388 
1292 



Mean 



136 
115 



86 


431 


2153 


890 








172 


57 










22 








7 










22 





86 


38 








775 


258 





43 





14 


86 








29 


248 


258 


689 


398 



14 






11 


43 


18 


344 


258 


764 


456 


65 


129 


344 


179 


22 








7 


2239 


3229 


6545 


4004 



14 



273 
692 



f 



TOTAL NUMBER OF ORGANISMS 1959 1776 5565 

Percent Chironomids 57.15 58.18 40.23 



3100 



3327 
67.30 



5134 
62.90 



10807 
60.56 



6423 



* lowest practical level 



Table 5: Benthic Macroinverte 
All values are number per m2 



Station 
Replicate 



DM-9 
1 



3* 



Mean 



DM-10 
1 



2' 



Mean 



P. Coelenterata 

Hydra 
P. Nematoda 
P. Platyhelminthes 

CI. Turbeltaria 
P, Nemertea 

Pro stoma 
P. Annelida 

CI. Oligochaeta 

CI. HimdJnea 
P, Aflhropoda 

CI. Arachnida 
O, Hydracarina 

O. Harpacticoida 

CI. Ostracoda 

O. Amphipoda 

O. Isopoda 

CI. Insecta 

O. Coleoptera 

O. Ephemeroptera 

O. Lepidoptera 

O. Megaloptera 

O. Odonata 

O. Plecoptem 

O. Trichoptera 

O. Diptera 

jndetemiinate 
F. CeratopogonJdae 
F. Chaoboridae 
F. ChironomJdae 
F. Dollchopodidae 
F, Empididae 
F. Simulildae 
F. Tabanidaa 
F. Tipulidae 

P. Mollusca 

CI. Gastropoda 
CI. Pelecypoda 



43 



14 



11 



22 



11 



43 



W 43 





22 

11 



14 



50 

4 



11 



11 


22 


11 


14 


11 


22 


11 


14 


205 


205 


183 


197 









22 


7 








11 


4 


S60 


301 


129 


330 



TOTAL NUMBER OF ORGANISMS 226 258 226 

Percent Chironomjds 90,48 79.17 80.95 



237 



732 
76.48 



355 
84,81 



194 
66.42 



427 



' lowest practical level 



Table 5: Benthic Macroinverte 

All values are number per m2 



Station 
Replicate 











Madawaska Mine 




DM-11 








MM-SC 




1 


2- 


3 


Mean 


1 2 


3 



Mean 



P. Co«lentBrata 

Hydra 
P, Nematoda 
P. Platyhelminthes 

CI. Turbeltaria 
P. Nemertea 

Prostoma 
P. Annelida 

CI. Oligochaeta 

CI. HiAidhea 
P. Arthropoda 

Ct. Arachnkla 
O. Hydracarina 

O. Harpacticoida 

CI, Ostracoda 

O. Amphipoda 

O. Isopoda 

CI. Insecta 

O. Coleoptera 

O. Ephemeroptora 

O. Lepidoptera 

O. Megaioptera 

O. Odonata 

O. Plecoptera 

O. Trichoptera 

O. Diptera 

indeterminate 
F. Ceratopogontdae 
F. Chaoboridae 
F. Chironomidae 
F. Dolichopoddae 
F. Empidtdae 
F. Simuliidae 
F. Tabanidae 
F. Tipulidae 

P. Mollusca 
CI. Gastropoda 
O. Pelecypoda 



11 



65 



11 7 



11 25 



32 



22 18 



11 4 



43 
43 



22 








7 


11 


11 


11 


11 


260 


323 


398 


334 



43 
301 



29 



12S 


431 


549 


370 








22 


7 








22 


7 





86 





29 




86 







14 
50 



43 258 

258 1119 



151 
409 



151 

596 




301 




86 



14 
230 



TOTAL NUMBER OF ORGANISMS 312 442 463 

Percent Chironomids 89.66 73.13 86.00 



406 



861 
30.00 



2282 
49.06 



1346 
30.39 



1496 



* lowest practical level 



Table 5: Benthic Macroinverte 

All values are number per m2 



Station MM-LC MM-1 

Replicate 1 2 3' Mean 1* 2 3 Mean 



P. Coelenterata 

Hydra 
P. Nematoda 66 344 75 169 

P. Platyhelminthes 

CI. Turbellaria 
P. Nemertea 

Pro stoma 
P. Annelida 

CI, Oligochaeta 1905 3595 3175 2892 

CI. Hirudinea 
P. Arthropoda 

CI. Arachnida 

O. Hydracanna 11 32 11 18 11 4 

O. Harpacticolda 

Cl.Ostracoda 22 32 43 32 

O. Amphipoda 

O. Isopoda 

CI. Insecta 
O. Coleoptera 
O. Ephemeroptera 
O. Lepidoptera 
O, Megaloptera 
O. Odonata 
O. Plecoptera 
O. Trichopteta 
O. Diptera 

indeterminate 

F. Ceratopogonidae 11 o 4 

F. Chaoboridae 11 4 75 129 68 

F. Chironomidae 527 2691 893 1371 172 151 97 140 

F. Dolichopodidae 

F. Empididae 

F. Simuliidae 

F. Tabanidaa 

F. Tipulidae 

P. Mollusca 
CI. Gastropoda 
CI. Pelecypoda 

TOTAL NUMBER OF ORGANISMS 2551 6706 4209 4489 258 280 97 212" 

Percent Ctiironomids 20.68 40.13 21.23 66.67 53.85 100.00 

' lowest practical level 



Table 5: Benthic Macroinverte 
All values are number per m2 



Station 
Replicate 



MM-2 
1 



Mean 



MM-3 

1 r 



Mean 



P. Coelenterata 

Hydra 
P. Nematoda 
P. Platyh^minthes 

CI. TurbeUaria 
P. Nemertea 

Prostoma 
P. Annelida 

CI. OUgochaeta 

CI. Hifudinea 
P, Arthropoda 

CI. Arachnkia 
O. Hydracarina 

O. Harpacticoida 

CI. Ostracoda 

O. Amphtpoda 

O. Isopoda 

CI. Insecta 

O. Coleoptera 

O. Ephemeroptera 

O. Leptdoptera 

O. Megaloptera 

O. Odonata 

O. Plecoptera 

O, Trichoptera 

O. Oiptera 

indeterminate 
F. Ceratopogonidae 
F. Chaobofidae 
F, Chironomidae 
F. Dolichopodidae 
F. Empididae 
F. Simuliidae 
F. Tabanldae 
F. Tipulldaa 

P. Mollusca 
CI. Gastropoda 
CI. Pelecypoda 



11 








4 





11 


p 


4 








11 


4 








22 


7 



11 









11 


4 


75 


97 


280 


151 


377 


678 


1539 


865 



1389 86 492 



86 43 43 



97 
32 



66 



54 
420 




66 



29 



904 


560 


344 


603 





43 





14 





43 





14 


118 


129 





83 


86 





43 


43 



6469 1464 2325 3419 

603 86 129 273 



50 
179 



TOTAL NUMBER OF ORGANISMS 463 786 1873 

Percent Chrronomids 81.40 86.28 82.18 



1041 



9784 
6.16 



2928 
2.94 



3014 
4.29 



5242 



* lowest practical level 



Table 5: Benthic Macroinverte 
All values are number per m2 



Station 


MM-4 


Replicate 


1* 


P. Coelenterata 




Hydra 




P, Nematoda 





P, Platyhelminthes 




CI. Turbellaria 




P. Nemertea 




Prostoma 




P. Annelida 




CI. Oligochaeta 





CI. Himdinea 




P. Arthropoda 




CI. Arachnida 




0. Hydracarina 





O. Harpacticoida 





Ct. Ostracoda 




O. Amphjpoda 


172 


O. Isopoda 




CI. Insecta 




O. Coleoptera 




O. Ephemeroptera 


538 


O. Lepidoptera 




O. Megaloptera 


108 


O. Odonata 





O. Plecoptera 




0. Trichoptera 




0. Diptera 




indeterminate 




F. Ceratopogonidae 


172 


F. Chaoboridae 




F. Chironomidae 


1894 


F. Dolichopodidae 




F. Empididae 




F. Simuliidae 




F. Tabanidae 




F. Tipulidae 




P. Mollusca 




CI. Gastropoda 




01. Pelecypoda 


86 



Mean 



MM-5 
1 



3' Mean 



86 



86 




258 



431 

108 




43 



43 


86 



689 


86 



29 



54 



18 



43 



14 
86 

86 



553 

72 
29 



11 4 



32 452 75 187 



172 115 

3014 1722 2210 



11 








4 


11 


22 


11 


14 


75 


183 


441 


233 



129 72 



TOTAL NUMBER OF ORGANISMS 2971 

Percent Chironomids 63.77 



3983 2971 3308 

75.67 57.97 



129 

58.33 



721 
25.37 



527 
83.67 



459 



* lowest practical level 



Table 5: Benthic Macroinverte 
All values are number per m2 



Station 
Replicate 



P. Coelenterata 

Hydra 
P, Nematoda 
P. Platyhelminthes 

Cl.Turtiellaria 
P, Nemertea 

Prostoma 
P. Annelida 

Ct. Oligochaeta 

CI. Hirudinea 
P, Arthropoda 

CI. Arachnida 
O. Hydracarina 

O. Harpacticoida 

Ct. Ostracoda 

O. Amphipoda 

O. Isopoda 

CI. Insecta 

O. Coleoptera 

O. Ephemeroptera 

O. Lepidoptera 

O, Megatoptera 

O. Odonata 

O. Plecoptera 

O. Tnchoptera 

O. Djptera 

indeterminate 
F. Ceratopogonidae 
F. Chaoboridae 
F. Chironomidae 
F. Dolichopodidae 
F. Empididae 
F. Simuliidae 
F. Tabanidae 
F. Tipulidae 

P. Mollusca 
CI. Gastropoda 
CI. Pelecypoda 



MM-6 
1 



Mean 



MM-7 

r 2 



Mean 



43 



237 



43 



43 



11 



108 



18 



sz 



11 



11 



11 



14 



11 


32 


108 


50 


75 





es 


47 


43 


22 


86 


50 


11 


32 


11 


18 



22 



22 


32 


43 


32 


22 








7 





22 


11 


11 


43 


22 


32 


32 


75 


151 


65 


97 


172 


32 


183 


129 



215 



183 



377 258 



151 280 269 233 



TOTAL NUMBER OF ORGANISMS 409 722 764 632 

Percent Chironomids 18,42 20.88 8.45 



506 376 571 484 

34-03 8.58 32.06 



* lowest practical level 



Table 5: Benthic Macroinverte 
>m values are number per m2 



Station MM-8 MM-9 

Replicate T 2 3 Mean 1 2r 3 Mean 

P. Coelenterata 

Hydra 
P. Nematoda 89 86 431 201 

P. Platyhelminthes 

CI. Turbellaria 
P, Nemartea 

Prostoma 
P, Annelida 

Ci.Oligochaeta 215 603 273 

CI, Hinjdinea 
P. Arthropoda 

CI. Arachnida 

O. Hydracarina 86 29 

O. HarpactJcotda 

Cl.Ostracoda 11 o 4 

O. Amphipoda 344 603 603 517 

O. tsopoda 

CI. Insecta 

O. Coleoptera 

O. Ephemeroptera 86 29 172 86 517 258 

O. Lepidoptera 

O. Megaloptera 

O. Odonata 22 7 

O. Plecoptera 

O. Trichoptera 65 172 79 

O. Diptara 

indeterminate 

F. Ceratopogonidae 32 291 344 222 183 194 172 183 

F. Chaoboridae 603 517 86 402 

F. Chironomidae 205 172 527 301 2164 4133 9989 5429 

F. Dolichopodidae 

F. Empididae 

F. Simuliidae 

F. Tabanidae 

F. Tiputidaa 

P. Mollusca 

CI. Gastropoda 54 18 

CI. Polecypoda 86 258 115 



TOTAL NUMBER OF ORGANISMS 1012 980 1216 1069 3315 5361 12314 6997 

PercenlChironomids 20-21 17.58 43.36 65.27 77.11 81.12 

* lowest practical level 



Table 5: Benthic Macroinverte 
AJI values are number per m2 



Station 
Replicate 



MM- 10 

1* 



Mean 



MM-12 
1 



3' 



Mean 



P. Coetenterata 

Hydra 
P. Nematoda 
P. Platyhelminthes 

CI. Turtwilaria 
P. Nemertea 

Prosloma 
P. Annelida 

CI. Oligochaeta 

CI. Hirudinea 
P. Arthropoda 

CI. Arachnida 
O. Hydracarina 

O. Harpacticoida 

CI. Ostracoda 

O. Amphipoda 

O. fsopoda 

CI. tnsecta 

O. Coleoptera 

O. Ephemeroptera 

O. Lepidoptera 

O. Megaloptera 

O. Odonata 

O. Plecoptera 

O. Trichoptera 

O. Diptera 

indeterminate 
F. Ceratopogonidae 
F. Chaoboridae 
F. Chironomidae 
F. Dolichopodidae 
F. Brnpidkiae 
F. Smuliidae 
F. Tabanidae 
F. Tipulidae 

P. Mollusca 
CI. Gastropoda 
Q. Pelecypoda 



65 



65 

129 

452 



129 



172 

172 
517 



11 



68 



86 


129 





72 


22 


43 





22 


65 


43 


22 


43 



172 


431 


75 


226 


151 





22 


57 





11 





4 





11 





4 



43 

22 

97 



93 

108 
355 



86 


43 


11 


47 








43 


14 


1636 


1830 


452 


1306 


27.63 


28.23 


21.43 






344 



86 

1119 



43 



301 



517 





172 



86 



86 



431 



29 

545 



43 








14 


43 








14 


301 


129 


108 


179 


775 


603 


344 


574 



29 



29 



14 









11 


4 


43 


66 





43 


344 


172 


603 


373 


301 


431 


603 


445 


431 


517 


431 


459 








258 


86 








11 


4 





11 


11 


7 



416 



TOTAL NUMBER OF ORGANISMS 
Percent Chironomids 



2626 
16.39 



3542 
14.59 



3046 
14.14 



3071 



* lowest practical level 



Table 6: 



Detailed Identification of Benthic Invertebrate Taxa. May, 2000 





Bicrott Mine 




















Station 


BM^C BM-1 


BM-2 


BM-3 


BM-4 


BM-6 


BM-7 


BM-8 


BM-9 


BM-10 


BM-11 


RepKcate 


3* 3* 


3* 


2' 


3' 


2- 


3* 


3- 


2' 


2* 


2* 



P. Coetenterala 
Hydra 

P. htemaloda 

P. Platyhelminlhes 
CI Turbellaria 



11 



1292 



129 



11 



22 



P. Nemerlea 

Prosloma 

P. Annelida 
CI. Oligochaeta 

F. Enchytraeidae 

F. Nsididae 

Arcteonats lomondi 

Dero digit ata 

Dero 

hiais variabibs 

Slavjna appendiculata 

F. Tubilictdae 
Auk>dnlus piqueli 
I lyodn hi s lempleton i 
LimnodrHus hoftrT>etsten 
Linviodhlus udekemianus 
Flhyacodrilus montana 
Tasserkidrilus kessteri 
Tubifex tub if ex 
immalures with hair chaetae 
immalures without hair chaetae 

F. Sparganophilidae 
Sparganophilus 
CI. Hinjdinea 

F. Gtossiphoniidae 
Helobdella slag na lis 
immature 

P. Arlhropoda 
CI. Arachnid a 

O. Hydracarina 
O. Harpacticoida 
CI. OstrBcoda 
O. Amphipoda 

F. Crangonvdidae 

Crangonyx 
F. Talttridae 
Hyalella 
O. Isopoda 
F. Aseflidae 
Caecidolea 
CI. Enlognattia 
O. Coltenfcola 

CI. Insecta 
O. Coleoptera 
F. Chrysomelidae 

Donacia 
F. Dytiscidae 

indeterminate 
F. Elmidae 

Dubiraphia 
F, Hydrophilidae 
Berosus 
O. Ephemeroptera 



M 



22 



22 



172 



43 



86 







43 


344 


129 


43 


258 




43 



97 



22 
11 



65 



32 

32 



129 



65 



11 



M 



22 11 

22 22 

97 
W 



11 
75 



11 



86 



86 



11 



•6 



Table 6: Detailed Idantification of Benthic Invertebrate Taxa. May, 2000 





Bicroft Mine 




















SMion 


BM-LC BM-1 


BM-2 


BM-3 


BhM 


BM« 


BM-7 


BM-8 


BM-9 


BM-10 


BM-II 


Rsplcatft 


3* 3" 


3' 


2* 


3* 


2* 


3' 


3* 


2' 


2* 


2* 



F. Caenidae 

Casnis 1 206 

F. Ephemenda« 

Ephemera 

Hexagenia 32 

F. Leptophiebttdae 

Leptophlebia QQ 

O. Lopidof^era 
F, Pyraltdae 
O. Megalopten 
F. SiaRdae 

Sialis 
O. Odonata 

F. CoenagrionkJae 

immalure AS 

Enaltagma 

Ischnura 
F. Corduliidae 

indeterminate 

Epitheca 
F. Gorrphidae 

Phanogomphus (zQonf)hus} 

indelerminate 

Stylurus 
O. Plecoptera 
7F. Capniklae 

■ndeteriTMnate 
O. Trichoptera 
F. Hydroptiltdae 

Orthotrichia 

Oxyelhira 86 

F. Leptoceridae 

Uystacides 11 

Oecelis 

Trl»enod«s 
F. Limnephiiiiae 

indeterminate 
F. Philopolamidae 

Chimarra 
F. Phryganeidae 

Agrypnia 

Phryganea 
F. Polycenlropodtdae 

Nyctiophylax 

Polycenlropus 
O. Oiplera 

indetemwate 
F. Ceratopogonidae 

Indetemiinate 

Alluaudom/ia 

Beizia 344 11 

Oasyhelea 

Maitochohelea 22 S6 172 

Probezzia 

Serromyia 86 

F. Chaoboridae 

Chaobonjs abatus 

Chaoborus flavicans 129 22 258 205 301 

Chaobofus punctipennb 1066 743 11 205 22 22 388 657 

Chaoborus 
F. Chironomidae 

chironomid pupae 603 86 11 32 43 

S,F. Chironominae 

Aeshum 



Table 6: Detailed Identification of Benthic Invertebrate Taxa. May, 2000 





Bicrott Mine 




















Station 


BM-LC BM-1 


BM-2 


BM-3 


BM-4 


BM-6 


BM-7 


BM-8 


BM-9 


BM-10 


BM-11 


Replicate 


3- 3" 


3* 


2- 


3* 


2* 


3' 


3' 


2- 


2* 


2' 



Chironomus 11 301 43 11 86 11 

Cladopelma 22 517 129 43 

Cladotanytarsus 11 43 n 

Cryptochironomus 

Cryptotendpes 

Dicrotendlpes 8B JH 

Einfeldia 

Hainischla 

Gtyptolendipes 

Micropsecira 

Microtendpes 

Nikithauma 

PagaslieHa 1Q1 

Paralauterbomtella 11 

Paratanytarsus 

Paratendip«s 

Phaerxjpsectra 

Polypedilum halterale JBO 

Polypedilum scalaenum 

Polypedilum 344 

Ps eudoch ironomus 1 1 

Slerrpellina 1 1 

Stictoch ironomus 11 65 

Tanytarsus 11 2411 88 75 248 75 

Triwtos 

Zavreliella 

T. ChironominJ 

T. Tanytarsini 

S.F. Ortbodadiinae 

Cricolopus 

Ctkoiopus/Orthodadtus 

Epacodadius 11 

Eukiefferiella 43 

Heterotrissocladius 11 11 

Nanocladius 22 

Parakieftertella M 

Para metnocnemu s 11 

Paraphaenoctadius 

Psdctrocladius 

Smittia 
S.F. Tanypodtnae 

Ablabesmyia 6^ 11 

Clinolanypus 86 

Gutl^topia 

Natarsia 43 

ProcladJus 11 517 388 86 237 65 

Tanypus 

Thienemannjmyia corrplex 
F. Dolictnopodidae 
F Errpididae 

Hemerodron^ 
F. Simuliidae 
F. Tabanidae 

Chrysops 
F . Tpulidae 

indelemninale 

?Rhabdonwstix 

Tiputa 

P. Mollusca 
CI. Gastropoda 
indelerminats 
F. AncyMdae 

Fenissia 86 

F. Hydrobtidae 



Table 6: 



Detailed Identification of Bwithtc Invertebrate Taxa. May. 2000 





Bicrott Mine 




















Station 


BM4.C BM-1 


BM'2 


BM-3 


BhM 


BM-6 


BM-7 


BM-8 


BM-9 


BM-10 


BM-11 


Replicate 


3" 3* 


3- 


2' 


3* 


2- 


3' 


3* 


2* 


2* 


2' 



Amnicoia 

Lyogynjs waJkeri 
F. Planorbklae 

Gyraulus deflectus 

Gyraulus 

Heltsoma anceps 

7Menettjs dtlatatus 
F. Vahratidae 

Vatvata tricarinata 
F. Vtvparidae 

Canpeloma dedsum 
a. Potecypoda 
F. Sphaetitdae 

Pisidium 

Sphaenum rhontnideum 

Sphaeiium simile 

Sphaenum striatinum 
F. Unionidae 

Etliptk) corrplanata 

immalure 



32 



86 



1033 



388 



54 



11 



TOTAL NUMBER OF ORGANISMS 
TOTAL NUMBER OF TAXA 



1206 


775 


194 


9817 


1679 


1970 


7CM 


657 


312 


1389 


1335 


3 


3 


12 


24 


5 


18 


10 


16 


9 


11 


9 



Table 6: 





Oyno Mine 






















Madawas 


Station 


DM-SC DM-LC 


DM-1 


DM-2 


DM-3 


DM-4 


DM-5 


OM-6 


DM-8 


DM-9 


DM-10 


DM-11 


MM-SC 


Replicale 


r 3* 


r 


1* 


r 


3* 


2* 


r 


2' 


3* 


2* 


2* 


3- 



P. Coelenlerala 
Hydra 

P. Nematoda 

P. Platyhelmmlhes 
CI. Turbellaria 

P. Nemertea 

Prosloma 



43 



M 



11 



129 258 129 



66 



86 



t1 



P. AnnelkJa 
a. OKgochaela 

F. Enchylraeidae 

F. Natdidae 
Arcleonais lom< 
Dero digitata 
Dero 

Nais variabths 
Slavtna append 

F. Tubiliddae 
Aulodrilus piqut 
llyodrilus tempi' 
Ltmnodrilus hof 
Limnodntus itd( 
Bhyacodrilus m 
Tassedcidrilus d 
Tubifex tubifex 
immatures ¥«Ih 
irnmatures wi1l> 

F. Sparganophilid 
Sparganophiluf 
CI. Hirudinea 

F. Gk>s$iphonNda< 
Helobdetia stag 
immature 



43 



32 



388 
S80 



109 



43 

W 
161 



301 



86 



22 



11 



301 



592 
495 



32 
32 



65 
65 

t1 



22 



P Arthropoda 
Ci. Arachnida 

O. Hydracarina 
O. Harpacticoida 
CI. Ostracoda 
O. Amphipoda 
F. Crangonyctidaf 

Crangonyx 
F. Talitridae 
Hyalelta 
O. Isopoda 
F. Aselltdae 
Caecidotea 
CI. Entognatha 
O- Colierrbola 



43 



22 



129 



43 



32 



43 



66 



258 



43 



CI. Insecta 
O. Coleoptera 
F, Chrysomelidae 

Donacta 
F. Dytiscidae 

indetemiifiate 
F, Elmidae 

Dubiraphia 
F Hydrophilidae 
8erosus 
O. Ephemeroplera 



Table 6: 





Dyno Mine 






















Madawas 


Station 


DM-SC DM-LC 


DM-1 


Dhl-2 


OM^ 


DM-4 


DM-5 


DM-6 


DM-8 


OM-9 


DM-10 


DM-11 


MM-SC 


Replicale 


1* 3* 


r 


1* 


1" 


3- 


2' 


r 


2* 


3* 


2- 


2' 


3* 



Callbaetis 
F. Caenkiae 

Caenb 
F. Ephemeridaa 

Ephemera 

Hexagenia 
F. LeptopMebMa« 

Leptophlebia 
O. Leptdopiera 
F. Pyratidae 
O. Megaloptera 
F. Sialidae 

SiaKs 
O. Odonata 
F. Coenagrionida* 

imnruAure 

Enallagn>a 

tschnura 
F. Cordutiidae 

indeterminate 

Epitheca 
F. GofTphidae 

Phanogomphuf 

indeterminate 

Styftjrus 
O. Plecopteta 
?F, CapnikJae 

indeterminale 
0. Trichoptera 
F. Hydroptibdae 

Odhotftchia 

Oxyethira 
F. Leptoceridae 

M/staddes 

Oecelis 

Triaenodes 
F. Umnephifidae 

indetermtnate 
F Ptiilopotamidae 

Chimarra 
F. Phryganeidae 

Agrypnia 

Phfyganea 
F. Polycentropod^ 

Nydioptiylax 

Potycentropus 
O. Oiptera 

indelemiinate 
F. Ceratopogonid- 

indeterminate 

Attuaudonr/ia 

Bezzia 

Dasyhelea 

Malk>choheiea 

Probezzia 

Serromyia 
F. Chaoboridae 

Chaobonjs al:>f 

Chaoboms fbvi 

Chaobonjs pun 

Chaoborus 
F. Chironomidae 

chironomid pup 
S.F. Cliironominae 

Aeshum 



43 



43 



22 



11 



^ 



11 



11 



22 11 



22 



172 



86 



43 



215 



172 

86 
86 



43 

86 



43 



54 
1270 



11 



11 



22 

86 
43 



11 



32 



22 43 



43 



43 11 

172 



pg 



Table 6: 





D/no Mine 






















Mad a was 


Station 


DM-SC [IM-LC 


DM-1 


DM-2 


DM-3 


DM-4 


DM-5 


DM-6 


DM-S 


DM-9 


DM-10 


DM-11 


MM-SC 


Replicate 


r 3- 


r 


1" 


1* 


3- 


2" 


r 


2* 


3* 


2* 


2' 


3" 





215 


85 




43 


43 


22 




11S3 


22 















129 


301 


161 


30t 


431 


517 


258 


11 




32 


65 


86 


86 











Chironomus 75 22 11 

Cladopetna 32 

Cladolanytarsu 

Cryptochironorr 

Cryplotend¥>es 32 

Dicrotendipes 172 

Einleklia 

Hamtschia It 

Glyptolendjpes 43 22 129 

MIcropsecira 32 118 

Microtendpas 172 

Nilothauma 43 43 

PagastJeHa 301 

Paralaiitert>omJ 

Paratanytarsus 431 22 

Paratendipes 43 172 11 11 86 258 

Ptiaenopsedra 43 

PotypediKim ha 172 43 

Polypedilum so 11 

Polypedilum 43 86 B6 U 

Pseudochjronoi 21 5 

SlempeHina 

Stidochironomi 65 

Tanylareus 172 22 861 194 301 431 517 258 11 32 86 

Tnbelos 86 

Zavretella 

T. Chironomini 

T. TanytarsinJ 

S.F. Orthocladiinae 

Cricotopus 

Ciicoiopus/OrW- 43 

EpoicociadHjs 

Eukietterielka 

Heterotnssocta* 

Nanodadius 

Parakietlenelta 

Parametriocner 8S 

Par^haenocla 05 

Psectrocladius 

Smittta 
S.F. Tanypodinae 

AUabesmyia 86 88 22 

Clinotanypus 258 

Guttipetopia 43 

Natarsia 

ProcladiuE 11 172 22 474 172 129 85 

Tanypus 

Thienemannjmv 129 

F. Dohchopodtdac 
F, Eirpidjdae 

Hemerodromia 
F, Simullklae 
F. Tabanidae 

Chrysops 32 

F. Tipulidae 

indeterminate 

?Rhabd(ynasti> 

Tputa 

P. Mollusca 
CI. Gastropoda 
indeterminate 
F. Ancyfedae 

Ferrissia 
F. Hydrobiidae 



Table 6: 





Oyno Mtiie 






















Madawas 


station 


DM-SC DM-LC 


DM-1 


DM-2 


DM-3 


DM-4 


DM-5 


DM-6 


OM-e 


DM-9 


OM-10 


DM-11 


MM-SC 


R^ticate 


1" 3* 


V 


1* 


1* 


3* 


2* 


r 


2* 


3" 


2* 


2* 


3* 



Amnicota 

Lyog^us waike 
F. Planorbklae 

Gyraidus deftec 

Gyrauhis 

hMboma ance( 

7Men«tus dHaXi 
F. Vafvatida© 

Vatvala tficaririi 
F. Vftfiparidae 

Campeloma de 
CI. P^ecypoda 
F. Sphaehklaa 

PisMJium 

Sphaerium rhot 

Sptiaerium simi 

Sptiaarium strie 
F. Unionidae 

Eibptio cotrpiar 

immature 



43 



43 



129 



43 



11 



43 



226 



11 



86 



11 



775 



11 



86 



TOTAL NUIUBER OF ( 
TOTAL l*Jh«ER OF 1 



1873 
14 



323 

4 



1798 
15 



635 
13 



1410 
4 



646 
10 



4381 

17 



1959 
13 



5134 
28 



226 
6 



355 
3 



441 
9 



1346 
23 



Table 6: 





ka Mine 
























station 


MM-LC 


MM-1 


MM-2 


MM-3 


MM-4 


MM-5 


MM-6 


MM-7 


MM-8 


MM-9 


MM- ID 


MM- 12 


Replicate 


3* 


r 


2' 


2' 


r 


3* 


2* 


1* 


1" 


2* 


1* 


3* 



P. Coetenterata 
Hydra 



P. Nematoda 



7S 



86 



65 



172 



P. Platyhelminthes 
Ct. Turbetlaria 



P. htetnertea 

Prostoma 



43 



43 



P. Annelida 
CI. Oligochaeta 

F. Enchylraeidae 

F. Naididae 
Arcteonats lomi 
Dero digKala 
Dero 

Mais variabilis 
Slavina append 

F. Tubilicidae 
Auiodrilus piqu< 
Ityodrilus tempi* 
Limnodrilus hof 
Limnodrilus udc 
Rhyacodrilus m 
Tasserkidrilus h 
Tubifex tubifex 
immalures with 
iinmalures with- 

F. Sparganc^hilid 
Sparganophilus 
CI. Hirudinea 

F. Glossiphoniidai 
Helo6della stag 
innniature 



n 



151 



269 



32 



2906 



t1 



129 



22 



86 



86 
86 



11 



P. Arthropoda 
CI. ArachnkJa 

O, Hydracarina 
O. Harpacticoida 
CI. Oslracoda 
O. An'^ipoda 
F. Crangonyctidat 

Crangonyx 
F. Talilridae 
hlyalella 
O. Isopoda 
F. Asellidae 
Caecidotea 
CI. Entognattia 
O. Colleirtxjia 

CI. Insecta 
O. Coleoptera 
F. Chrysomelidae 

Donacia 
F. Dytrscidae 

indeterminate 
F. Elmidae 

Dubiraphia 
F. Ftydrophilldae 
Berosus 
O. Ephemeroptera 



11 
43 



11 



75 



86 172 



43 
32 



22 



11 

75 



11 



86 
22 
65 



86 



86 



n 



474 

86 



172 



Table 6: 



kaMine 
Station MM-LC MM-I MM-2 MM-3 MM-4 MM-5 MM-6 MM-7 MM-8 MM-9 MM-10 MM-12 
Repticate 3' T 2' r r 3' 2' T 1' 2' r 3* 

CalUbaetts ' 

F. Caentdae 

Caenis 43 344 86 86 151 

F. Ephemeridae 

Ephemera I94 

Hexagenia 
F. Leplophlebiidai 

Leplophlebia 
O. Lepidoptera 

F. PyralJdae 43 

O. Megaloptera 
F. Sialldae 

Sialis ^Oa 

O. Odonala 

F. CoenagnonkJai 

immalure 

Enatlagma 

Ischnura 
F. Corduliidae 

indeterminate 

Epittieca 
F. Gorrphidae 

Phanogomphuf ^ y 

indeterminate 

Stylurus 1 29 

O. Plecoptera 
?F. Capnitdae 

indeterrrenate 
O. Trictioptefa 
F. Hydroptilidae 

Orthotrichia 

Oxyethira 
F. Leptocefidae 

Mystacides 

Oecetis 

Triaenodes 
F. Limneph^idae 

indeterminate 
F, PhilopotamidaE 

Chimarra 
F. Phryganeidae 

Agrypnia ^72 

Phryganea 
F. Pc^centropodi- 

Nyctiophylax 

Polycentropus 
O. Oiptera 

indeterminate gg3 

F. Ceratopogonidi 

indeterminate 

Alluaudomyia 

Bezzia lOg 43 gg 

Dasyh^ea 1335 86 

Mallochohelea 129 172 22 22 86 517 

FVibezzia 32 1 1 

Serromyia 
F. Chaoboridae 

Chaoborus afcj gQ3 

Chaoboms llavi 11 75 97 1 1 22 43 

Chaoborus pun 

Chaoboms 
F. Chironomidae 

chironomid pup 97 97 86 SI7 65 86 



65 



S.F. Chironominae 
Aeshum 



Table 6: 





ka Mine 
























Station 


tulM-LC 


MM-1 


MM-2 


MM- 3 


MM-4 


MM-5 


MM-6 


MM- 7 


MM-8 


MM-9 


MM-10 


MM-1 2 


Replicate 


3* 


1* 


2* 


2- 


r 


3' 


2* 


1* 


1* 


2* 


1* 


3* 



Chironomus 161 129 517 11 151 161 32 

Cladopelma 86 

Cladotanylarsu 1550 

Crypt ochironorr 43 

Cryptotendpes 

Dicrotendf>es 344 

Einfeklia 

Hamtsctiia 

GlyptotendfMs 

Micropsecira 

Mti:7titendf>«s 86 

Nilottiauma 

Pagastiella 258 22 

Parataiiterbomi 

Paratanytaraus 129 

Paratendipes 22 

Phaenopsectra M 

Potypedilum ha 86 22 

Pofypedilum sc 

Potypedilum (S 86 22 

Pseud och iron or 

Stempellina 

Stictochironorm 

Tanylarsus 1 51 11 M7 86 65 86 

Tffcetos 

Zavreballa 

T. Chironomini 

T. Tanytarsini 

S.F. Orthocladiinae 

Cficotopus 43 

Cricotopus/Ortf 5I7 

Epoicocladius 

Euktederiella 

Heterotris social 

Nanocfadius 

ParakJe^eriella -|72 

Parametriocnei 

Parc4>haenocl» 

Psectrocladrus 172 

Smittia 0^ 

S.F. Tanypodinae 

Abtabesrrr/ia 43^ 

Ctinolanypus 

Gutlipelopia 

Nalarsia 

Procladius 97 11 43 517 11 86 86 65 

Tanypus 388 43 43 431 

Thienemannim\ 86 

F. Dolichopodidae 2S8 

F. Empididae 

Hememdromia 
F. Simuliidae 11 

F , T^>anidas 

Chrysops 
F, Tipulidae 

indeterminate 

7 Rh abdomasti> 1 1 

Tputa 

P. Mollusca 
CI. Gastropoda 
indeterminate 
F Ancylidae 

Ferrtssia 
F . Hydrobiidae 



Table 6: 





kaMine 
























station 


MM-LC 


MM-1 


MM- 2 


MM- 3 


MM-4 


MM-5 


MM-G 


MM-7 


MM- 8 


MM-O 


MM-10 


MM-12 


Rapficate 


3* 


1* 


2- 


2' 


r 


3* 


2* 


r 


1* 


2' 


r 


3* 



43 86 

Lyogynjs wake 
F. PEanorbidae 

Gyraulus de<le< 

Gyraulus 

Heteoma ancef 11 

7Menetus dilali 
F. Valvatidae 

Vatvala tricarini 
F. Vivf>aridae 

Campebma de 
CI. Pelecypoda 
F. Sphaflriida« 

Pistdium 301 86 1 83 1 51 B6 431 

Sphaerium rhoi 

Sphaerium skni 

Sphaerium stre 1 18 

F. Unlonidae 

EHiptio conplar 

immature 

TOTAL NUMBER OF ( 4209 258 786 2928 2971 527 721 506 1012 5^0 1658 3046 

TOTAL NUMBER OF 1 10 4 6 15 12 4 9 10 8 17 23 18 



TABLE 7. Mean {± 


s.d.) water quality characteristics in Bancroft 2000 sediment bioassays. 


Test Organism: 


Mayfly {Hexagenia limbata) 


a 


Test Temperature: 20'*C 














Total 


Un-ionized 


Station 




pH 




3.O. 


Conductivity 


Ammonia 


Ammonia 








r 


T.9/L 


u mho/cm 


mg/L 


mg/L 


Control 




7.77 (.18) 


9.1 


(0.2) 


246 (3) 


0.11 (0.02) 


<0.003 


BM-LC Reference 


6.51 (1.44) 


9.1 


(0.2) 


220 (27) 


0.11 (0.03) 


<0.003 






D-20 4.93 












MM-2 




7.78 (.55) 


9.1 


(0.2) 


526 (72) 


0.50 (0.48) 


0.033 


MM-5 




7.64 (.67) 


8.9 


(0.1) 


623 (87) 


0.98 (0.67) 


0.043 


MM-7 




6.68 (1.30) 
D-20 4.88 


9.0 


(0.2) 


388 (71) 


0.11 (0.02) 


<0.003 


MM-9 




8.05 (.06) 


9.1 


(0.3) 


313 (29) 


0.44 (0.15) 


0.016 


DM-2 




7.27 (.62) 


9.2 


(0.1) 


302 (29) 


0.14 (0.05) 


<0.003 


DM-3 




4.95 (1.90) 
D-20 3.74 


9.0 


(0.3) 


404 (110) 


0.53 (0.11) 


0.005 


DM-4 




7.52 (.37) 


9.1 


(0.2) 


263 (29) 


0.54 (0.21) 


0.008 


BM-6 




8.04 (.01) 


8.9 


(0.3) 


323 (44) 


0.38 (0.34) 


0.014 


BM-7 




6.48 (1.43) 
D-20 4.97 


9.1 


(0.1) 


276 (29) 


0.16 (0.07) 


<0.003 












b 






Test Organism: 


Midge {Chironomus tentans) 




Test Temperature: 20°C 














Total 


Un-lonlzed 


Station 




pH 




3.0. 


Conductivity 


Ammonia 


Ammonia 








mg/L 


u mho/cm 


mg/L 


mg/L 


Control 




7.66 (.02) 


8.5 


(0.4) 


273 (16) 


0.22 (0.04) 


<0.003 


BM-LC Reference 


7.20 (.01) 


8.0 


(0.6) 


210 (5) 


0.32 (0.04) 


<0.OO3 


MM-2 




8.00 (.12) 


8.6 


(0.6) 


527 (8) 


1.50 (0.56) 


0.057 


MM-5 




8.05 (.03) 


8.6 


(0.4) 


612 (30) 


2.35 (0.21) 


0.089 


MM-7 




7.69 (.12) 


8.6 


(0.1) 


367 (39) 


0.75 (0.49) 


0.011 


MM-9 




7.93 (.00) 


8.3 


(0.3) 


312 (22) 


1.20 (0.70) 


0.045 


DM-2 




7.57 (.03) 


8.6 


(0.3) 


299 (19) 


0.85 (0.35) 


0.010 


DM-3 




7.34 (.13) 


8.1 


(0.4) 


298 (37) 


1.25 (0.63) 


0.011 


DM-4 




7.70 (.07) 


8.4 


(0.5) 


273 (8) 


1.30 (0.70) 


0.032 


BM-6 




8.00 (.09) 


8.1 


(0.5) 


312 (23) 


1.40 (0.70) 


0.053 


BM-7 




7.39 (.07) 


8.5 


(0.6) 


259 (10) 


0.28 (0.16) 


<0.003 



a Sample size N=4: b Sample size N=3: 

Underlining indicates un-ionized ammonia concentrations that exceed the PWQO of 0.02 mg/L 



TABLE 7. Mean (± s.d.) water quatrty characteristics in Bancroft 2000 sediment bioassays. 



Test Organism: 


b 
Minnow (Pimephales promelas) 


Test Temperature: xx.x°C (x.x) 














Total 


Un-ionized 


Station 




pH 


D.O. 


Conductivity Ammonia 


Ammonia 








m 


g/L 


u mho/cm 


mg/L 


mg/L 


Control 




7.17 (0.67) 


8.9 


(0.2) 


292 (25) 


0.29 (0.13) 


0.004 


BM-LC 


Reference 6.81 (0.47) 


8.6 


(0.3) 


215 (35) 


3.82 (3.19) 


0.007 


MM-2 




7.17 (0.52) 


8.0 


(0.3) 


658 (164) 


5.22 (3.76) 


0.024 


MM-5 




6.01 (1.27) 
D-20 5.19 


7.6 


(0.5) 


1101 (480) 


4.95 (3.42) 


0.016 


MM-7 




5.87 (1.22) 
D-20 4.70 


6.7 


(1.7) 


653 (282) 


4.28 (3.95) 


<0.003 


MM-9 




7.51 (0.27) 


7.8 


(1.0) 


384 (91) 


4.46 (3.81) 


0.039 


DM-2 




6.69 (0.53) 


8.2 


(0.6) 


368 (78) 


2.87 (1.97) 


0.004 


DM-3 




6.59 (1.21) 
D-7 5.73 


7.0 


(0.1) 


576 (406) 


1.20 (0.70) 


0.004 


DM-4 




7.32 (0.19) 


8.4 


(0.5) 


303 (74) 


4.26 (3.97) 


0.037 


BM-6 




7.65 (0.13) 


8.0 


(0.1) 


364 (63) 


4.60 (3.65) 


0.106 


BM-7 




6.25 (0.55) 
D-20 5.96 


8.3 


(0.4) 


358 (123) 


3.99 (3.72) 


<0.003 



a Sample size N=4, b Sample size N=3; 

Underlining indicates un-ionized ammonia concentrations that exceed the PWQO of 0.02 mg/L 



TABLE 8. Sediment physical and nutrient characteristics in control(s) and Bancroft 2000 sediment 
used in sediment bioassays. 

Station % Sand % Silt % Clay % LOI TOC TP TKN 
(2mm-62um) (62-3.7um) (3.7-0.1 um) mg/g mg/g mg/g 

Honey Harbour 

Control 7.0 64.9 27.9 6.8 32 1.0 3.5 

Reference 

Station BM-LC 2.0 <T 81 .9 16.7 35.0 180 1 .8 l^^l^^ 



13.0 


75.0 


8.0 


68.7 


14.0 


68.1 


29.0 


64.2 


1 <W 


67.8 


1 <W 


67.2 


12.0 


74.7 


52.0 


40.8 


8.0 


73.9 






Bancroft 

Station MM - 2 13.0 75.0 11.8 40.0 ' no 1.5 1f* O'S 

Station MM - 5 8.0 68.7 23.5 25.0 110 1.6 6.S ^ 

Station MM - 7 14.0 68.1 17.9 35.0 1^ 1.4 II^O^-^ 

Station MM - 9 29.0 64.2 7.3 59.0 290 0.6 180^ 

Station DM -2 1 <W 67.8 31.2 4.2 18 0.5 1.3 



Station DM -3 1 < W 67.2 30.6 19.0 72 0.8 4.0 

Station DM -4 12.0 74.7 13.1 46.0 ||i;|^- 1.1 11111;^ 

Station BM - 6 52.0 40.8 6.9 10.0 50 0.8 3.7 

Station BM - 7 8.0 73.9 1 8.7 29.0 ' 140 1.9 ■*'^-: -f fp 

PSQG SEL Cone 

(mg/g dry weight) 100 2^0 4.8 

<W - Not Detected; <T - Trace Amount Measured; Shading indicate sediment nutrient concentrations that exceed PSQG-LELs. 



TABLE 9. Bulk concentrations of trace metals in control(s) and Bancroft 2000 sediment (pg/g dry weight) used in sediment bioassays. 



Station 


At% 


As 


Cd 


Cr 


Cu 


Fe% 


H9 


Mn 


Ni 


Pb 


St 


Ur 


Zn 


Honey Harbour 




























Control 


2.0 


5.0 


1.1 


41 


19 


3.3 


0.06 


920 


30 


39 


33 


NA 


130 


Reference 




























Stn BM-LC 


1.2 


7,9 


2.0 


18 


27 


2.0 


0.24 


330 


13 


76 


58 


5.5 


150 


Bancroft 




























Stn MM -2 


0.8 


Zi 


3.7 


18 


46 


42 


0.15 


/\m(^^ 


57 


86 


280 


100 


200 


Stn MM -5 


1.6 


67 


2.8 


21 


52 


15Q 


0.10 


lioq ^^ 


29 


180 


160 


540 


140 


Stn MM -7 


1.1 


11.0 


3.6 


24 


62 


.#a«^£ 


0.18 


:m^ ' 


45 


120 


200 


474 


220 


Stn MM -9 


0,6 


2.2 


2.3 


16 


35 


r^^'i 


0.11 


700 


28 


31 


160 


181 


140 


Stn DM -2 


1.1 


5.5 


1.2 


28 


55 


sas^/"^ 


0.09 


430 


19 


^^1 


19 


78 


80 


Stn DM -3 


0:6 


6.6 


2.5 


14 


11 


149 


0.11 


790 


2Z 


200 


42 


117 


100 


Stn DM -4 


0.9 


4.3 


3^9 


11 


50 


4#/^ 


0.19 


400 


65 


ilW::: ,.::::■: 


38 


282 


250 


Stn BM-6 


O.B 


2,3 


0.9 <T 


16 


22 


2.1 


0.07 


370 


12 


53 


52 


491 


120 


Stn BM-7 


1.5 


12.0 


3.0 


23 


31 


§^m. 


0.27 


1000 


20 


94 


51 


83 


310 


PSQG SEL Cone. 


NA 


33 


10 


110 


110 


4.0 


2.0 


1100 


75 


250 


NA 


NA 


820 


PSQG LEL Cone. 


1^ 


6.0 


0.6 


26 


16 


2.0 


0.2 


460 


16 


31 


NA 


NA 


120 



NA - Not Avaitable; <W - Not Detected; <T - Trace Amount; Underlining indicate sediment trace metal concentrations that exceed PSQG-LELs. 
Shading indicate sediment trace metal concentrations Itiat exceed PSQQ-SELs. 



TABLE 1 0: Summary of biological results on mayfly, micige and minnow sediment bioassays for control(s) 
and Bancroft 2000 sediments. 

Mean values (± standard deviation) where sample size n=3 reps for mayfly, mjdge and minnow tests. 
Test Organism Mayfly 
Hexagenia limbata 



Midge 
Chironomus tentans 



Fathead Minnow 
Pimephales promelas 



Station 



% Mortality Ave. Individual % Mortality 

Body Weight 

^ (mg wet wt.) 



Ave. Individual % Mortality 
Body Weight 
(mgwet wt.) 



Honey Harbour 
Control 


A 

6.6 (6) 


Reference 
Station BM - 


LC 


BC 
26.6 (11) 


Bancroft 
Station MM 


-2 


AB 
10.0 {0} 


Station MM 


-5 


C ' 
40.0 (10) 


Station MM 


-7 


ABC 
23.3 (6) 


Station MM 


- 9 


BC 
26.6 (21) 


Station DM 


2 


AB 

20.0 (10) 


Station DM 


3 


E " 

100 (0) 


Station DM 


4 


ABC 
23.3 (15) 


Station BM 


6 


D "• 
63.3 (6) 


Station BM 


7 


AB 

10,0 (10) 



D A 

6.39 (0.4) 15.5 (8) 

CD A 

8.68 (1.5) 2.2 (4) 



A A 

16.03 (0.9) 4.4 (7) 

D A 

6.29 (1.6) 8.8 (5) 

D A 

7.74 (0.6) (0) 

D A 

8.33 (2.3) 13.3 (7) 

D A 

7.52 (2.3) 6.6 (11) 



8.8 (4) 

AB A 

14.37 (3.0) 11.0 (4) 



4.4 (8) 

BC A 

12.17 (1.0) 8.8 (4) 



ABC A 

7.79 (1.2) (0) 

E A 

4.72 (0.4) 3.3 (6) 



A A 

9.59 (0.6) (0) 

BCDE A 

6.00 (1.7) 16.6 (15) 

AB A 

8.78 (2.1) 33.3 (60) 

A A 

9.29 (0.9) (0) 

DE A 

5.66 (1.0) 3.3 (6) 

BCD B " 

6.83 (2.4) 100 (0) 

BCDE A 

6.47 (0.4) 3.3 (6) 

CDE A 

5.92 (2.2) (0) 

AB A 

8.02 (0.6) (0) 



% MSD 


25.2 


- 


15.1 


- 


44.0 


% C.V. 


25.6 


22.2 


77.9 


17.3 


57.6 


D.P. 


10.2 


5.1 


2.5 


4.0 


11.1 



•• %MDrtaIity valuo Is significanlly diflerenr than the negarive and relerence control sediments (Dunnetls Mailed t-lBst;p<0.05}. 

' %Mor1cUity value is signiticantly cblterent than the negative control only (Dunnetls 1-tailed t-testp<0 05). 

A Means sharing a comrron letler within a cotumn are not significantly ditlerenl; Tukey's HSD test or LSD t-test tor % Mortality (p<0,05) 

and planned comparisons using LSMEANS tor comparing Body Weight (p<0.01). 
MSD - Minimum Si^Bicant Dmerence; C.V. - Coefficient of Variation; D.P. ■ Discriminatory Power. 



TABLE 1 1 . Bulk concentrations of chlorinated organics and pesticides in Bancroft 
2000 sediment (ng/g dry weight) used in sediment bioassays. 



All Stations 


Total PCBs 


20 <W 




Heptachlor 


1 <W 


(exceptions listed below) 


Aldrin 


1 <w 




Mirex 


5<W 




a-BHC 


1 <w 




b-BHC 


1 <w 




a-Chlordane 


2<W 




g-Chlordane 


2<W 




op-DDT 


5<W 




pp-DDD 


5<W 




pp-DDT 


5<W 




Oxychlordane 


5<W 




Methoxychlor 


5<W 




Heptachlor epoxide 


1 <W 




Endosulphan 1 


2<W 




Dieldrin 


2<W 




Endrin 


4<W 




Endosulphan II 


4<W 




Endosulphan sulphate 


4<W 




Hexachlorobutadiene 


1 <W 




Odac h lorosty rene 


1 <w 




1 23-Trichlorobenzene 


2<W 




1 35-Trichlorobenzene 


2<W 




1 234-Tetrachlorobenzene 


1 <W 




1 235-Tetrachlorobenzene 


1 <W 




1 245-Tetrachlorobenzene 


1 <W 




Hexachloroethane 


1 <w 




Pentachlorobenzene 


1 <w 




236-Trichlorotoluene 


1 <w 




245-Trichlorotoluene 


1 <w 


Station BM - LC 


pp - DDE 


3 <T 




g-BHC 


3 <T 




Hexachlorobenzene 


3 <T 


Station MM - 9 


1 24-Trichtorobenzene 


4 <T 


Station DM - 3 


1 24-Trichlorobenzene 


4 <T 



<W - Not Detected. 



TABLE 12, Mean metal concentrations in fathead minnows exposed to control(s) and Bancroft 2000 
sediments in the laboratory and associated biota-sediment accumulation factors (BSAFs). 



Tissue concentrations raporled as ^Jg/g wet weight: Mean values ± standard deviation; Sample size n=3. 



Station 



Minnow Uranium BSAF 

(ug/g wet weight) (tissue/sediment dry wt) 



Pre-exposure 


0.01 
(0.0) 


<W 


Honey Hart>our 
Control 


0.01 
(.01) 


A 

<W 


Reference 
Station BM - LC 


0.03 

(.01) 


A 

<T 


Station MM -2 


0.41 
(.14) 


BC 


Station MM - 5 


0.36 
(.05) 


B 


Station MM - 7 


0.35 

(.05) 


B 


Station MM - 9 


0.74 
(.19) 


D 


Station DM - 2 


0.61 
(.15) 


CD 


Station DM - 4 


2.59 
(-20) 


E 


Station BM - 6 


39.77 
(6.61) 


F 


Station BM - 7 


0.45 

(.04) 


BC 



0.03 



0.03 



0.004 



0.004 



0.02 



0.05 



0.06 



0.53 



0.03 



A Means shanng a common letter wrthin a column are not significantly different using LSD t-tesl (p<0.05) 



TABLE 13. Spatial variability in sediment toxicity and uranium uptake for Bancroft 2000 samples. 





Sediment 












Parameters 


Uranium Tissue 


Sediment 






Station 


Exceeding 


Relative to 


Uranium Mayfly Mayfly 


Midge Midge 


MinrK)w 




PSQG SELs 


Reference 


(ug/cj, dw) Lethality Growth 


Lethality Growth 


Lethality 



StnBM-LC TOC.TKN 

StnMM-2 TOC.TKN 
Fe.Mn 

Stn MM - 5 TOC, TKN 
Fe.Mn 

Stn MM - 7 TOC. TKN 
Fe.Mn 

Stn MM - 9 TOC, TKN 
Fe 

Stn DM - 2 Fe, Pb 



13X 



12X 



11X 



24 X 



20X 



5 N N N T N 

100 N N N N N 



540 



474 



181 



78 



N 



N 



N 



N 



N 



N 



N 



N 



N 



N 



N 



N 



N 



N 



N 



N 



N 



N 



N 



N 



Stn DM -3 


Fe 


N/A 


117 


Stn DM -4 


TOC, TKN 
Fe, Pb 


86X 


282 


Stn BM-6 




1323 X 


491 


Stn BM-7 


TOC, TKN 
Fe 


15 X 


83 



T 



N 



N 



N 



N 



N 



N 



N 



T - N N N 

N N N N N 



N - Not Toxic, % mortality less than reference control and p>0.05; p>0.10 for growth data; 
T - Toxic, % mortality greater than reference control and p<0.05; p<0.10 for growth data. 
N/A - Not Available. 
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Figure 7: Bicroft Mine Site. Extent of 
Tailings area, 1965. 

(Deputy Ministers' Report, 1965) 




Figure 8: Canadian Dyno IVIine. Extent of 
Tailings Area, 1965 
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Figure 9a: Conductivity in Water, May 2000 
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Figure 9b: Conductivity in Water, August 2000 
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Figure 9c: Conductivity in Water, November 2000 
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Figure 10a: Bentley Lake, Bow Lake and Siddon Lake 
Conductivity Profiles. May 2000 
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Figure 10b: Bentley Lake (MM-1) - Conductivity 
Profiles. May, August and Nov. 2000 
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Figure 10c: Bentley Lake (MM-2) - Conductivity 
Profiles. IVIay, August and Nov. 2000 
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Figure lOd: Bow Lake (MM-5) - Conductivity 
Profiles. May, August and Nov. 2000 
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Figure 10e: Bow Lake (MM-6) - Conductivity 
Profiles. May and August 2000 
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Figure 11a: Uranium Concentrations in Water, May 2000 
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Figure 11b: Uranium Concentrations in Water, August 2000 
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Figure 11c: Uranium Concentrations in Water, November 2000 
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Figure 12b: Manganese Concentrations in Water, Aug. 2000 
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Figure 12c: Manganese Concentrations in Water, Nov. 2000 
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Figure 13a:Ra-226 Concentrations in Water, May 2000 
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Figure 13b: Ra-226 Concentrations in Water, August 2000 
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Figure 13c: Ra-226 Concentrations in Water, November 2000 
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Figure 14a: Strontium Concentrations in Water, May 2000 
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Figure 14b: Strontium Concentrations in Water, August 2000 
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Figure 14c: Strontium Concentrations in Water, November 2000 
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Figure 15a: Mean Yearly Concentrations of Ra-226 and Uranium 
in Bentley Ck. below Bentley Lake (Station MM-3) 
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Figure 15b: Mean Yearly Concentrations of Ra-226 and Uranium 
in Bentley Ck. above Bow Lake (Station MM-4) 
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Figure 15c: Mean Yearly Concentrations of Ra-226 and Uranium 
at Bow Lake Outlet (between Station MM-7 and MM-8) 
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Figure 15d: Mean Yearly Concentrations of Ra-226 and Uranium 
in Farrel Ck. below Parrel Lake (Station DM-5) 
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Figure 15e: Mean Yearly Concentrations of Ra-226 and Uranium 
in Deer Ck. (Paudash Lake) (Station BM-6) 
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Figure 16a: Mean Monthly Distribution of Manganese at PWQMN 

Sites. 1970-1999 - Madawaska Mine 
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Figure 16b: Mean Monthly Distribution of Manganese at PWQMN 

Sites. 1970-1999 - Bicroft Mine 
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Figure 17a: Mean Monthly Distribution of Uranium at PWQMN Sites 

1990-1999 - Madawaska Mine 
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Figure 17b: Mean Monthly Distribution of Uranium at PWQMN Sites 

1970-1999 -Bicroft Mine 
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Figure 18: Mean Monthly Distribution of Radium-226 at PWQMN Sites 

1990-1999 - Madawaska Mine 
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Figure 19a: Mean Monthly Distribution of Iron at PWQMN Sites 

1970-1999 - Madawaska Mine 
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Figure 19b: Mean Monthly Distribution of Iron at PWQMN Sites 

1970-1999 -Bicroft Mine 
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Figure 20: Mean MonthlyDistribution of Strontium at PWQMN Sites 

1970-1999 - Madawaska Mine 
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Figure 22: Distribution of Manganese in Sediments 
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Figure 24: Distribution of Strontium in Sediments 
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Figure 25: Distribution of Radium 226 in Sediment 
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Figure 26: Distribution of Uranium 238 in Sediment 
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Figure 27: Summary of Bioassay Test Results - Mortality 
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Figure 28: Summary of Bioassay Test Results - Growth 
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Figure 29: Summary of Bioassay Test Results - Uranium Tissue 
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